Google 



This is a digital copy of a book that was preserved for generations on library shelves before it was carefully scanned by Google as part of a project 

to make the world's books discoverable online. 

It has survived long enough for the copyright to expire and the book to enter the public domain. A public domain book is one that was never subject 

to copyright or whose legal copyright term has expired. Whether a book is in the public domain may vary country to country. Public domain books 

are our gateways to the past, representing a wealth of history, culture and knowledge that's often difficult to discover. 

Marks, notations and other maiginalia present in the original volume will appear in this file - a reminder of this book's long journey from the 

publisher to a library and finally to you. 

Usage guidelines 

Google is proud to partner with libraries to digitize public domain materials and make them widely accessible. Public domain books belong to the 
public and we are merely their custodians. Nevertheless, this work is expensive, so in order to keep providing tliis resource, we liave taken steps to 
prevent abuse by commercial parties, including placing technical restrictions on automated querying. 
We also ask that you: 

+ Make non-commercial use of the files We designed Google Book Search for use by individuals, and we request that you use these files for 
personal, non-commercial purposes. 

+ Refrain fivm automated querying Do not send automated queries of any sort to Google's system: If you are conducting research on machine 
translation, optical character recognition or other areas where access to a large amount of text is helpful, please contact us. We encourage the 
use of public domain materials for these purposes and may be able to help. 

+ Maintain attributionTht GoogXt "watermark" you see on each file is essential for in forming people about this project and helping them find 
additional materials through Google Book Search. Please do not remove it. 

+ Keep it legal Whatever your use, remember that you are responsible for ensuring that what you are doing is legal. Do not assume that just 
because we believe a book is in the public domain for users in the United States, that the work is also in the public domain for users in other 
countries. Whether a book is still in copyright varies from country to country, and we can't offer guidance on whether any specific use of 
any specific book is allowed. Please do not assume that a book's appearance in Google Book Search means it can be used in any manner 
anywhere in the world. Copyright infringement liabili^ can be quite severe. 

About Google Book Search 

Google's mission is to organize the world's information and to make it universally accessible and useful. Google Book Search helps readers 
discover the world's books while helping authors and publishers reach new audiences. You can search through the full text of this book on the web 

at |http: //books .google .com/I 



Theory of Strains. 



CALCULATION AND CONSTRUCTION OF BRIDGES, 
ROOFS AND CRANES, 



TRIGONOMETRICAL NOTES. 

HH HOST COMPREHENSIVE INFORMATION IN REGARD TO TUB 

HE,yULTING STRAINS FOR A PERMANENT LOAD, AS ALSO FOR 

A COMBINED (PERMANENT AND ROLUNGi LOAD. 

IN TWO SECTIONS. 

ADAPTED TO THE EEQUIREMKNTS Of THE PRESKST TIME. 

RT 
JOHN IT. ptEDRICHS, 

ILLCSTliATED BY XUMEHOVS FLAXES AXD DIAGRAMS. 



BALTIMOEE: 

SCHMIDT &. T K O W E . 

1871. 



Hosted byGOOgle 



»■"•"• 


lordmg to Att of Congress, In tl 
JOHN H. DIEDRICHe 


.„.„„„, 1, 


In the OtHce 


1 of the Librarian of Congress, 


at WaElilneton. 



db,Googlc 



INSCRIBED TO 



WENDEL EOLLMAN, Esq., 



IN TESTIMONY OF HIS INTEREST IN SCIENCE AND ABT- 



Hosted byGOOgle 



db,Googlc 



CONTENTS. 



PaEFACE - 7 

ElPUNiTlON or CHAKACTBES used is the CiLCCLiTIOSS 11 

SECTION I. 

A. IKTEODUCTION 13 

I. TheLevbb 15, 

11. Suspended Weiguts asd the Resulting Stuaiss 13 

III. TeUSSES with SiKQLB and EqCALLY-MSTRIBnTED LoAI) 21 

SuHpenEion Tniia Bridge 23 

Buspensioii Bridge 27 

a EOOF CONSTRUCTION 31 

C. SEMI-GIRDEES 43 

I. Semi-qikdbes Loaded at the Extremity 43 

Cranes 44 

II. Semi-Giedbus Loaded at Each Apes 45 

D. GIRDERS WITH PARALLEL TOP AND BOTTOM FLANGES 48 

I. Stsajn in Diagonals and Verticals 4S 

H. Strain in Flanoes 51 

TIL THABSFOEMATIOSa 53 

IV. Genekal Remakes 53 

Directions for the Calciilatioii of Comiilex Systema 54 



L Ststem of Kn^iir-AXGjjiin Thia 
II. Rtstbm Off Ihosceleb Beacihg... 



db,Googlc 



OONTENTa. 



SECTION II. 

GlKDEKS CALCfLATKD FOR CoMIilNJiD (V 

Rolling) Load. 
a. gikders with parallel top aw) bottom fl^nqe'i . 

I. The Eioht-akolub Systkm : 

II. Isosceles Beaciko i 

1. Tri an gnlar Truss i 

Calculation of StrainB y and u in Diagonals i 

2. Isoraetrical Truss i 

a. Calculation of Diagonaln ' 

b. Calculation of Top and Bottom Chords (Flanges) 



. Degrees, 

C. PAEAEOLIC GlEDER OF 48 FEET, OE 16 METEES, SPAN ! 

D. THE AECHED TEUSS 1 

Calculation of Strain y in the DJagonalii 

Calculation of Strain in tlie Verticals V. ' 

Transformations 

E. THRUST CONSTEUCTION 

L Girder 20 feet ik Length (wixn a Sikgie Weight at tub 
Centee). 

IL GlEDEB 12 FEET IH LENfiTH (CALCULATED FOB PBRMASEKT 
AND EOLLISQ LOAD). 

D a ' ■ f S rain 3^ in the Horizontal Flanges „ 

D fi ti Srain y in the Diagonals 

C le Tensile Sfrains e in the Lower Flanges 

C 18. Verticals u 1 

in. C Lc N A Tetiss sustaininq a Dome 1 

CflJ Strains I of tbe Outside Arch I 

C trains e of the Inside Ardi 1 

Ca o le Diagonals 1/ 1 



dbyGoogle 



PREFACE. 



The want of a compact, nniversal and popular treatise on 
the construction of Rooia anJ Bridges — especially one treating 
of the influence of a variable load — and the unsatisfactory 
essays of different authors on the subject, induced me to pre- 
pare the following work. 

Bridge-building has been and always will be an important 
branch of industry, not only to engineers, but also to the masses 
for the purposes of travel and trade, and, as Colonel Merrill in 
his recent essay on Bridge-building remarks, "important to 
railroad companies on account of the large amount of capital 
invested in their construction." 

Bridge literature has ofieu been used by rival parties for the 
purpose of advancing their own private interests, their motive 
being competition. Imposing upon the faith and credulity of 
those whom they pretend to serve, there is no guarantee that 
worthless structures will not be erected. 

Thoroughly independent of any such motive, my aim is to 
give, especially to bridge-builders and to engineers and archi- 
tects, the results of my investigation on the subject of calcu- 
lating strains, in order that capitalists and the public may be 
benefited and protecte<i. 
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5 PREFACE. 

Theae calcuiations wiil alao enable those wlio have but a 
limited knowledge of mathematics to acf|uiro the necesaarj' 
information. For tliis reason special attention is paid to the 
arrangemi?nt of tht work, the whole being made U3 pluin and 
simple as possible, in order to meot the wants of the eonnnon 
mechanie as well as the esperiencfid engineer. 

Thougii there are many valuable treatides of this kind, there 
has as yet been Jio work pnblishcd serviceable to the degree 
desired by the practieal builder or meclianic — most of the dis- 
sertations being too theoretical and hard to comprehend by one 
not versed in the higher mathcmntics; an<l some are so ar- 
raiigcfl that a clear undersiundiiig of the calcnlations ia very 
diiricult.* 

The most valuable work in the language is doubtless Mr. 
Stouey's "Theory of Strains," though the Method of Moments 
is not developed to tliat degree which I think necessary for the 
practical man. 

We owe to the renowned German engineers Hitter and Von 
Kaveu the universal application of this Method in the work 
entitled "Dach und Bviickon Coiistruclinuen," in which it is 
fully explained by examples and illnstriited by diagrams, these 
being often carelessly neglected iii other works. 

The above-mentioned work served me very miieh in the 
arrangement of tliis, which I hope will be kindly received. 

The work being expressly prejiared, as aforesaid, for the use 
of beginners in the study of matliematJcs, as weil !is for the 

* Ab an eiception, may be nanipd Mr. Shreve's brief but pojMiIar li'ealipa 
in Van NottramJ'a "Engineering Mngaiine,'' Ko. ss., August, 1870; Vol. III. 
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PKEFAcr:. » 

more advanced practical engineer, it will enable tliem, after a 
short perusal, to acquire all the necessary information, for which 
even the trigonometrical notes accompanying the genei'ai results 
are not really required. 

The higher classes of colleges and other institutions of learn- 
ing will find the work very valuable. 

On account oi' the expense, an intended Appendix, contain- 
ing a rational and concise investigation on " The Strength of 
Materials," had to be dispensed with; yet I hope with thiw 
volume to gratify not only the desire of friends, but to be able 
with great satisfaction to assist engineers in the pursuit of 

their high and noble calling. 

THE AUTHOK. 

OOTOBEB, 1870. 
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EXPLANATION^ OF CHjVUACTERS USED IN THE 
CiU.CULAT10NS. 



=^ Equal, or tlie sign of equality. 

+ Plus, or tlie sign of addilion; also, tlie symbol of posilive (tensile) strain. 

— Minus, or the sign of subtracdon ; also, the symbol of negative (eoinpreB- 

X or , Sign of mnltiplicalion. 
: or -i^ Sign of divifiion. 
, Sign of decimals; nUo, of tliousaiids. 
00 Sign of infinite. 
< Sign of sngle, s^gnilicil by tlie Grecian cyphers cr, fl, y, i, c, 

' Sign of sqnare of a mimber. 
■^~ Sign of square root of a number. 

' Sign of degrees. 
' Sign of minntes; also, of feet. 
" Sign of seconds; also, of iiiclics. 

( ) or [ ] Bmcliets, to enclose tlie malliciuatical eiprepi^ion bound to the 
same operation. 

ff The number 3, 14, or periphcrj for a unit of the dia"cter, 
E Eight angle, or SO". 
X Vertical. 
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The Theory oe Strains. 



SECTION I. 

A. INTRODUCTION. 

To enable the striJent to oompreliend the woi'k, jiiifl have ;i 
thorough knowledge of certain eoiMlitious and exampies ivithoiit 
studying the whole, it is necessary for hira to undaifLaiid the 
arrangement of the following pages. 

On the first few pages and the appertaining figures at the clo^e 
of the chapter is found a short description of (he lever in its differ- 
ent appliances, the application being only a key to the calculntions 
of strains which follow. 

The trigonometrical notes are in many caaes almost .=u peril u on «, 
Still, it may be advantageous in this way to accustom the reader to 
their use. The "Suspended Weights and Resulting Strains" are 
developed by the paralteSogram of forces, and for a plain illustra- 
tion the rsEults arc nppended to the figures, which ivi!) also Iw 
observed on figures of " Trusses witli Single and Distributed Load," 

In tbe "Suspended Weights and Resulting Strains" a more 
elaborate cnlculatioo was thouglit uecessai-y, nnd therefor.a aa Intro- 
duction to the calculiifion by the "Method of Momenta" may be 
found in its pi'!>por phve. 

Tliis Intraductlcn ])reBents the beginner with n clear and com- 
pruhensivG knowledge of the formation of Moments; and the equa- 
tions for Figs. 20, 21, etc., explr.in liii^ cijiiillliriiira of fiircc nnd 

At the close of this chapter ia found the explanation bf masi- 
mum compressive and tensile str;ii:i in tlii top and bottom chnrds 
of a pavaOel-flanged truss or girder. 

On "Roof Construction" (,B), Plates G to il, remarks are ii:^- 
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14 Tin; Tn!':o!:Y of strains. 

necessary. The builder can with ease fiud from tlie figures a 
ByBtein to suit his purpose. (See also " Arched Trusses," D, See- 
Uo« 11) 

On "Senii-GirJers" (C) the calculation of strains is treated in 
the way heretofore generally fenown (determining from the centre 
toward the iibatmeiit), after which the "Method of Moments" is 
applied to the same example, followed by a more elaborate expla- 
nation of the principles of Moments on the crane skeleton (Plate 
14), whose single members are altogether divergent. 

The thorough calculation of a truss with horizontal top and 
bottom flanges (right-angled system D, Sect. I.), with the resulting 
strains for a system of braces, all of which are inclined in the 
same direction, shows how easily by transformation of the strains 
a system of bi-acing just reveraed can be formed. (Coirip. D, 
Sect II.) 

From the comparative tables, E, I., II. (Plate 18, 19) those who 
are not mathematicians can find, by a little study (for an assumed 
load "W" — a variable load not considered), the strains in flanges, 
braces and ties. (See D, IV., Sect. I.) 

The progress of panels, and by this the increase of stress in the 
different members, are ad libitum to be extended (are optional). 

Where no composite strains appear, In the skeletons double lines 
make the compressive ( — ) strains more obvious, the tensile (-f-) 
strains heiug always i-eprescnted by single lines. The assumed 
load in the calculations is equally divided on the apexes ; but in 
{general some attention may be paid to a peculiar load — say from a 
single locomotive — at a cei't;iia apex, this being o!)servcd in exam- 
ples on " Suspension Truss" (III., Sect. I,), 

The ealcniations in Sect. II, with rcgai-J to the influence of a 
variable load are more difficult to understand. Still, by the 
results of strains in the skeletons it is eany enough to form an idea 
about this matter, and to see the importance of counter-bracing or 
tying at centre of railroad-bridge trusses. 

What experience and observation have already taught to the 
practical railroad man is here fully shown by figui-es. 

Information is given on parallel-flanged trusses for the so-called 
" Camber in Emlfjes" at B, Beet. II., which to many builders has 
heretofore been only a matter of experiment. 

Yet it is to be remarked that for the calculations E, Pec; t. II., Platei 
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Tlit: LEVIIK. IS 

29 to 34, a variation in the deterininaliou of the principal force 
will be perceived, the base of calculating "Tlinist Construction" 
being the horizontal strain S and the vertical strain V at tlie 
vertex (centre), and not, aa before, the reactive force, D, of abut- 
ments. 

Farther explanation will be found in tbe example and figures 
referred to. 

The calculations of strains involve the stipposiiion that tlie con- 
nections at the joints (apexes) are effected by linlc-bolts, thus 
relieving the single members (struts and ties) from all transverse 
strain. The equally-distributed load and even the ivejght of struc- 
ture are supposed to be transmitted to the adjacent joints. 



I. TSE LEVER. 

Plate 1,T When for a double-armed aiid compound lever (Figs. 

Fig. 1". 1^, 1", 1=) by P, a force represented, whose direction 
right-angled to its arm or lever a, and when Q, a force, 
acting at the leverage b, so are P. a and § , b the " nao- 

ments," and for the equilibrium, 

P.a= Q.b (fulcrum/). 
2.] For the single lever from Fig. 2, 

.1 



Woi 



■ .l--^ W. .1, 



Example.— Wh^n W = 100 lbs., I = 20 feet, 
and n = - ^ 5 feet ; 

so p X 20 = 100 X 6, orp =: ^ =^ 25 

3.] In the same way in Fig. 3, 

or p = w/- + -") and forn = 4 ; 
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16 TIIH THEORY OF STRAINS, 

i.e., tlie weights susperidod at a distance I'roiu the fulcrum equal 
4 '^ 4 ■ 

Similar to this in Fig. 4, wlion the lorigtli, I, is divided in 



p = -(l+2 + 3 + 5); 

For a combined weight, fT, andan equally- distributed load, 
f, from Fig. 5, 

Pi ~ 7 ^^ + ^1 (I'iilcrutii p). 



* For the f 


lummation 


, S, of figures from 1 to ; 


So tor the m 


di of figur. 


es from I to 12, 

12X13 „ 
- — r— ~ ' 8. 

'»X16„,,. 



The (mm of the square from 1 to n, or 1' -f 2' + 3' + . 
S = — , rorn=^o;. 
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Tin:: lkvfai. 
In every triangle tlie sum of enclosed angles, 
2 R. ^-= 2 X 90", 

t!ie right-angled tnaiigle ABC, Fig. 6, the angles 
C together = 90° = 
In Trigonometry v,-c say — 



sin., COS., tang, or tg., cotaiii:. nr cotg., see. and eoaee. 

For a radius, .lit', as a unit, the line ./IB simply is called sine; 
the centra! distance, BC, cusini;; and BE the versed sine of the 

For certain a; 

distinct nnruerical vahioi. (Sw. Husli'tt's or Haswell's "Tables of 
natural sines, cosijios, i;;!;gencs and t-ouuigents from 1 to yO 
degree^.") 

Each tmibgii.% AB.C, ^i,BC(Fig. 7), consists of six members — 
i. c, ihrec sides and tliree angles, from which always three are de- 
pendent ou the rest ; thtrefore, when three out of these six mem- 
bers Hre known, we can coristi-uct, or with more exactness wo 
can calciikie, the otlicK, pro\-idcd one at ]e.ist of the given parts 
is a side. 

For the transCormatioD of trigonometrical functions, short notices 
in the ihm of a tuhlj, al--n the !'.;;nicncal values ("natural sin, cos, 
etc.) of the principal angles, may be serviceable, viz. : 



sin X = 


J. _ 

»ecx 
1 


cotang a; 

X cos a: 
cosx 


:Vl-C<, 


is'a:. 




cos« = 


:Vl^m 


1= «. 




tang j: = 


= •8^^ 


^ 




cotang 

1 

tang 




ootanga 


— V cosec' 


^_ 


1. 
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THK 'lUEOKY Uf tXKAlMS. 

_ 1 __ cosee s 
COS X CO tang 



= V 1 + tang' X. 
= Vl -\- cotang^ X. 



Deoreee. 


Sin. 


Cos. 


TAxa. 


Cot ABO. 








1 





O; 


15 


0,258 


0,965 


o,yfi7 


3,732 




0,342 


0,939 


0,363 


2,747 


25 


0,422 


,- 0,906 
Jl/ 3 = 0,866 


^1^3 = 0,577 


,- 2,144 
1/3 = 1,732 




i = 0,5 


40 


,- 0,642 
!,V2 = 0,707 


.- 0,760 


0,839 


1,191 


45 


^^2 = 0,707 


100 


100 


50 
60 


,_ o;766 
il/3 = 0,SG6 


0642 
i = 0,5 


,- 1,191 
V 3 = 1,73a 


™ e,839 
JV 3 = 0,577 


65 


0,900 


0,422 


2,144 


0,466 


75 


0,9G5 


0,258 


3732 


0,267 


R= 90 


+ 1 





+ « 





2J; = 180 





— 1 







SE = '^0 


— 1 










iB^zeo 





+ 1 i 


+ « 



sin (fi — a;) = + 

sin (iS + -r) = + 



:, and cos (It — a:) = + 
c, and cos (E + x) =^ - 



IT. SUSFEI^DED WEIGHTS AND THE BESULTmo 

STRAINS. 

Plate 2,1 In Fig. 8^ wlien W ^ 5000 lbs, ab ^ be = 10, 



F%- 8^ I 6c = 8, and 
" 8^J 

c on each string = 

And, further, tlie acttiiil strain 



= 12,8 feet; the vertical strain at 
TF 5000 



L tliR direction of the string. 



p = q = 



2 ho 
5000 12,8 
' 2 ^ "8 



== 4000 ibs. 



All other information is given in Fig. 8". 

When a heavy body, ABCI) C^ig- 8"), is suspended by two 
go ■, oblique strings, DH and Gli, iu a verSieal plane, a straight 
line drawn through the intersection will pass through the 
centre of gravity, G, of the body. 
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SDSPENDED WEIGHTS AXD I!E,SULTISC STKAiKS. 

a ad, i-epi'esenled by q, n 



For the &!■ 


■jc ill tlie cUrooLiou ad, i-ef 


from Fig. 9, 


, bd , W 
gh ---- ab . - = ab . — 


W 


- - 'jh + H = gh -h 3 , c. 




L ad 


5=.-^ 


^^■{^-fjh^-T 




„.h. ad 


in tlic Slime m 


flii!>ei- from siffiilarity of 1 







strirg ad; iu tlitj second equation is IF. ---• the vertical strain at 

d fur tiio string cd, — eqnul to tlie slieariog strains Fatid V, on this 
supports. 

Example.^-Wheu, again, 

ir ==: 5000 lbs., i = 100 feet, 
ab .-r-.- 10', Ic = 90', and bd = 8', 
W ^-^ 12,8-1', and cd = ilC.W, 



«> 


V 


= 5000 X -^ X -'°- = 5646 H.i., 
JOO S 


una 


1- 


= SOOO X ??- X --'•' =-- 7021) Ih,. 


then the 


roiiilh 


foi- the hori;;ontal strain a: a;i(l the v 


y at the 


right.. 


injiijit are — 






-5 — ^— f-S' 


md 


Y-- 


.-^^.,.00..... ...... 


thus 


X = 


5C00 X jUr X ? ==> 562S lb.. ; 
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THE THEORY OF STRAINS, 



= 5000 X — = 500 lbs. 



The results for the horiaontal strain x, and the vertical strain V, 
at the left support are — 

_. be ab 



thua X, ^ 5000 X p- X ^ - = 5625 Iba., 



= 5000 . -^ == 4500 lbs. ; 



therefore, also. 


Z= Xu 


for 


ah ho ™ ho <ib 
L 'bd L 'bd 



,Q1 For Fig. 10, when W = 5000 lbs.; ab, ad and bd the 
same as before — 

Y = W. "- = 5000 X — — = 8025 lbs., 
6rf 8 

and r, = W. '- = 5000 X — = 6250 lbs. 

J. bd 8 

11.] In Fig. 1% 

P : Q: R = sin . edb : sin . adb : sin ado. 
12.] In genei-al, for every triangle, 

y==x+,, (Fig. 12.) 

and, as here, !c-\-y = z-\-m = Ji, 

or, m = 1x. 

Also, from similarity of triangles ABC, ABC and DBC, 

c_ _ 6 _b\ 

I, "'a' ""^ ^ a' 
and as AB = c -\- a, the diameter ^ - -\- a; 

i. e., the diameter equals the square of one-half the chord divided 
by the height of the arc added to the height of the arc. 

The height of the arc CB results from the chord CB in the 
earns way. 
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'ITII SING I.E AND EQUALLY-DLSTEIEL'TED I.O 

Application in "Camber in Eridgus," B, Sect. II. Ti)' 
the geometrical rule, 

arc angle at centre 

fircumferenca 360° 

[Pl-,!e2— F]gs.Sloi2.] 



III. TRUSSES WITH SINGLE AND EQUALL"I)IS- 
TRIBUTED LOAD. 

Plate 3,1 A most frequent structure is tlio triissc<! ]r..v.:i ' i-'i^. 
Fig.U.J 13). 

The post at the centre is calleii tiie king-fwst. 
,.-. The whole is a. combined ej-stem, in ivhieli the Iicrizontal 
be:i!i), according lo its stiSuess, relieves tbe tie-rr>dti from ;m 
Bliquot amouut of !itr:iiii. 

For the greatest eseition to which the tie-rods ia th.a rioMt iiu- 
favomble case could be exposed, we may use the result from 
Fig, 8^ under the auppositiou that the horizontal beam counteracts 
only the horizontal forces. (For instance, ivhen buflc^l at the 
centre.) 

T(i atmptife the stress wa have the folloiving; 

W ac W 
j,^,^^-.^.=.--.sec.=c, 

tiir a single weight at centre. 

E-campU. — The iis.suraed weight ^= 20000 lbs. ; between supports, 
24 feet. 

The length be = 5,59', and ac, = 13,24 (which can be measured 
near enough for most purposes from a siteleton) ; 

X- =10,000 x^^: 
2 be ' 5,59 

The angle « being in this case 65°, for a calculation, using ^the 



preceding tables, 



0,422 
. tang 25'— 12 X 0,40^3 -^ 5,505, 
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22 THK THEORY OF STEAIKS. 

Tlie vertical pressure in the king-post undev the supposition be- 
fore = 20,000 lbs. ; at each support = 10,000 lbs. ; and the com- 
pression in tlie horizontal beam, 

if=.it«&- = 10000 X-^- ^21-lGTlhs. 
2 6c o,r>9 

jr. -1 When in Fig. 15" tlic strjiiiis p or q and tlie angle y '^^^ 
liuown, we find tlie resulting vertical strain, li, ako l)y 
means of the paralleloj^ram of forces, viz.. 







■"=''?■ + !■ 


+ ip.q.coBr; 




or, because 


ill this case « = j9. 


therefore, ^ ^= 5 ; 




•ko, 




r = 2.65° = 130°, OP = Ji + 40, 




and 




sCJi + 40) = -ai. 


1 40 (see precediug table); 




m 


Vlp- + lp'{-^„ 


in 40) = 1/2^(1 -.in 


40), 


Lb'.l 


= 1/2 X 23700- (1 


— 0,642) = 20000 lbs.* 





For a structure. Fig. 15", reserved to the preceding one (IS"), the 
numerical viihie of strains is quite the same, but of opposite cha- 
racter, provided the enclosed tingles are the same. 

If, as in Fig. 16, the load =^ 40000 lbs., oqnally distributed on the 
beam, then each support wiil sustain again one-half of the load ; 
-Q -, hut the reaction, D, of each support will be only oiie-quar- 

■* ter of the load =^ 10000 lbs. ; and for the same exertion a 
truss or beam, charged with an equally-distributed load, will sustain 
twice as much as when loaded with a single weight at the centre. 
(Comp. Fig. 14.) 

The distribution of forces on supporls and at the centre is 
explained by Fig. 16. 

For an angle, a = 63= 26', or, also, ^'26° 34', 
the depth of Ihe truss being always equal to one-fourth of its length, 
for taiig . 26= Si' = 0,5. 

Kow, ~ = tang . ^, • or, be = db . 0,6 = 12 X 0,5 = 6. 
ab 

* For tlie angle aed = 6 i!i Fip:. 15*, 

n = T^p* 4- ji -f 2 ;,j ^., j, „ti(1 for the anj-Ic edS ~ s, 

■^^-"I-^ji,' + f- — 2p,.p.co?!!. [P*e Fig. S" and Fig. 9.) 
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Sliai'JiNoiOJi TRUSS BRIDGE, 23 

and (Fig. 14), the horizontal strain, 

7j^]?.L2 = 20000 ^12 ^,,^,^20000, 
2 6 2 6 

thus being in this case the same as tlie weight, TV, at the centre. 

The hoiizoiital strain (thrust) .and the stnun on Ihe obliqne rods 
increase with the angle o:, thus being oo for an angle a: ^= 90". 

SuKPExsioN TI;Df^s Bridge. 

We find a combination of trussing in the weli-lcnown " Suspen- 
sion Truss" bridges, the principles for calculation of the strains 
being contained in the preceding. 

The BoUmann truss forms a continuous system of independent 
trusses, in number equal to the number of vertical posts combined 
to a common top chord (stretcher). 

Plate 4,1 By Fig. 17 the dimensions of such a truss may be 
Fig. 17.i represented. 

When for a single-track railroad-bridge the assumed load, in- 
cluding the weight of structure =; 11 tons =^ 3360 lbs. per lineal 
foot, or for one rib (single truss) ^^ 1(180 lbs. per lineal foot — t. e., 
for the given dimensions 12 X 1680 ;= 20160 lbs. on each post, 
for which may be said in round figures 20000 lbs, ^ 17, for calcu- 
lation, then in Fig. 17, according to Fig. 9, the tension in the first 
rod nearest the abutment. 

Strain No. 1, rod =17- ^—•^^"-=^20000 X - X -—=27300 lbs,, 

AF hk 8 10 

the section of which for a value of iron =^ 10000 lbs, per square 
inch (five to six times security) ^ 2,73 square inches ; thue, when 
two rods are applied, the size of each rod =:: 1 X Is". 
cF_ Al^ 
' AF ' 'd ' 
Section -— 3, J) sq. in., or 2 rods, each 1 X 2". 

n No. 3,rod= IF- ■— -4^=20000 X - X ^'-= 46625 lbs. 
AF din 8 10 



Sect. = 4,66, or 2 roi 
^ ,„ EF AN 



20000 X-X -- = 4900011 
2 rods, each 1 X 2i". 
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ii4 THE THEORY OF STEA!NS. 

Strain No. 5, rod = W- ^—.—^ 20000 X - X -~- ^ 45600 Iba. 
AF jo 8 10 

Sect. = 4,56, or 2 ro<3i, each 1 X 21". 

Strain Ifo. 6, rod =Tf'- -■'^^■^^=.20000 X - X — =36300 lbs. 
AF (jp 8 10' 

Stict. ^-. S.y-'J, or -1 rods, each 1 X !»"■ 

Strain No, 7, rod = W- - "'- ■ - ^ = 20000 X - X --■ = 21150 lbs. 
-ii'' kq 8 10 

Sect. = 2,11, or 2 ro<ls, each I X li". 

When for a partial load at a certain panel the exertion of a pair 
of suspenders is greater than for a distributed load in calculation, 
those rods would be strained more than to one-fifth or one-sixth of 
their ultimate strengtli. So, when a locomotive of 84000 lbs. 
weight rests at a certain panel on a wheel-base of 12 feet, to each 
of tlie four supporting posts would be transmitted one-fourth of its 
weight ^^ 21000 lbs. — this diflering very little from the calcula- 
tion in the example. Additional rods (panel-rods) are applied, 
sustaining the niaiu suspenders and at the same time the top 
chor<l, transmitting and distribuling tlie weight on the posts, these 
being always in a state of compression equal to the weight on the 

"Without the panel-rods for an over-grade bridge (through bridge) 
there would be in the post no further compression than that pro- 
duced by the weight of the top chord and appendages, leaving for 
a strong cambered truss (B, Sect. II.), in case of a partial load, the 
possibility of raising. 

The following is the strain in panel-rods according to Fig. 8" : 

_ . W Er 20000 ^ 16. ,.„„„,, 

Strain = = — - X = 15238 liis. 

2 /r 2 10,5 

Sect. = 1,52, or 1 rod = 1 X 1^'"- 

The influence of temperature upon the single systems of main 

suspenders (their length being different) is regulated by a link 

conueetion. 

For the compressive strain in the top chord the rule for a girder, 

sustained at both ends and charged with an equally-distributed 

load, may be applied (see at the close of this chapter), then, 
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BtrspiassiON truss bridge. ^o 

20000X1XV_ 168000* 
10 

The compression iu the top chord is the same all over. 
For the result we have as momentuiii one-half of the entire 
weight on posts at oae-fourth the length of truss as leverage, 

Q . 

' 2 ' 

which, when (divided by the depth of truss, gives the compression = 
168000 lbs. as before. 
For a single load, P, at the centre would be 

Mom. = ^-XY 

which, when divided by the deptli of truss, gives for the compres- 
eion twice aa much, or 336000 lbs. ; but for an addition of the re- 
sults of each single truss with its siugle load, accordiug to x aud 
JK, in Fig. 9, it would be 

Mom. = ^^ "fl"' 

this being one-half of the result for a single load, P, at the centre, 
added to one-half of the result for an equally-distributed load, Q. 

18.] The Finh trma (Fig. 18) is different in principle. 

Whilst in the BoUmann system there are as many independent 
trusses as there are posts, in the Pink all the trusses lire dependent 
oa each other and transfer the load toward the centre. 

The centre post (king-post) has to sustain the compression of 
one-half of the entire load on the truss, including one-fourth of the 
weight of the rib, the main suspenders (tie-rods) depending again, 
aa before, on the depth of the truss. 

* For a fiimple compressive strain an area of aection of stretcher =^ 9 square 
iiichej wuuld be sufficient {18000 lbs. — safe load fur cast iron) — ^llie actual 
dimeniilonB to be taken by Hodgliinson's formula nn the strength of hollow 
cast-iron pillars; 

W^ breaking weight in Ions = 44,3 >x . — — -i 

therefore, when for a jiillar, the external diameter, I), in inches, and the 
length, /, in feet, are known ; and for six times secnrity, with the weight, W, 
mnltiplied by 6, we cau define tho internal diameter, d, coneequently the 
thickness of tnetal. 
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The calculation of an example in its simplicity will give tto 
best explanation. 

Taking the same dimensions and the same load as in the calcu- 
lation for the preceding (Fig. 17), according to Fig. 8" we have, 

ir AN 
Strain in X . JV or IN = — X _ ^ ; 

U., ^X^' = 196000 lb./ 

2 10 

the section of which for a value of iron = 10000 Iha. per square 
inch := 19,6 square inches. Thus, when two rods are applied, the 
size of each = 2X5 inches. 

Strain in ke. Ah or cm = ^^^ X— = 26000 lbs. 
Section of a single rod = 1 X 2J in. (full). 

Strain in Al or IE = ~~ ■ ^- - 52000 lbs. 
2 10 

Section of a single rod = 2X2} in., or 1 X 5 in. 
For a single locomotive (weight 84000 lbs.), resting at cd on a 
wheel-hase of 12 feet, the vertical force for one post at c or d = 

2 
then. Strain in tie-rods = ^^ X -| = 27300 lbs. ; 

so the size of rod !co, Ak or on should be corrected to 1 X 21 in. 

For the compressive strain on the top chord (stretcher), accord- 
inff to Fiff. 14, 

W AE 

and for a vertical strain W = 80000 lbs. in the centre post, a» 
before mentioned, 

H^ SOOOn ^ 48 ^ jg^ooo )1». (conpr.). 

In this truss, as in the Bollmann, the compression in the top 
chord is the same all over. 

For this truss, when applied for an over-grade railroad-bridge, a 
safe longitudinal connection (bracing or tying) will be e 
account of the variable load. 
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8DSPESSIOX BItlDGE. 27 

To the same category of bridges belongs tlie 

Suspension Bridge, 
though, ill regard to matheniatics, very different 

The curve formed by a chain or cable lies between the parabola 
aad the catenary, and u very nearly an ellipse. The curve in a 
loaded state approaches the parabola; in an unloaded state, the 
catenary, (freisbaeh, vol. II.) 

In the following example the curve may be considered a parabola 
or the bridge in Its loaded state. 
The thesis is — 

The vertical force at every point of the chain' equals the weight 
on the clxaiu from the point in consideration unto the vertex. 
Plate 4,1 So, when y in Fig. F = 25 feet and the length of 
Fig. F.J bridge = 150 feet, 
Width = 4 feet; 

load, 50 lbs. per square foot, or 200 lbs. per lineal foot; 
maximum load = 200 X 150 = 30000 lbs. ; 
the vortical force at D — 200 X 25 = 5000 lbs. 
Further, tite horizontal force ai every point of the chain is e^al, 
and therefore equal to the horizontal strain in the vertex. 

Thus, when by p is represented the weight pro unit of horizontal 
projection =; 200 lbs,, for our example, 

I. II ^^—> which is at the same time the horizontal force in 
2ft- 
A and C, to overturn the towers, and amounting here to 

— = 56250 lbs. 

20 

IL S = -4 1^iM^TF= -~ X 77,6 = 58500 lbs. 



The length, L, of chain results by the formula, 



.0 refer to Weisbach and other authois. 
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28 THE THEORY OF STRAIXS. 

For a trussed system wit!i two posts (queen -posts), betwecu sup- 
ports 36 feef, and im assumed load = 30000 lbs., e^iiiaSly dia- 
Platc 5 1 ''"''^''***^'> 'he distribution of ibrces on die, benriiigs is 
Fig. 19.} denoted iii Fig. 19, and for the caloulatiou of sti-aiii, wlieii 
compared with Fig. 10, we find for 



^ W." , 
bd 



= 23700 Capprox.) 



r. = 10000 X ^^ = 21467. 
5,59 

The compression on the vertical posts = 10000 llis. ; the vcriicKl 
pressure on siippoil.s:=: 15000 lbs.; and, reduced by tliose 600'.) Ib.^, 
directly sustained (corap. Fig. 16), the reactive force of supports, 
signified by D = 10000 lbs. 

Upon this sfrueture, the Method of Moments being applied (see 
Prefaee), we suppose a section separated from tlie original hy a 

Considering tlie forces acting upon such a section, we fiii-m the 
equation of equiiibriuni for a suitable point of rotation, by solution 
of which we find the strain in the member in question ; and observe 
the rule, that, /or a strain, Y, the point of rotation ought to be chosen 
in the intei'sedion of x and s, making ilieir lever = 0, whert these ars 
the m^nbers of the structure, eefparated by a cui, d, likewise as Y. 
OQ , But when by s( only one member, excepting Y, is separated, 
we lay the }mat of rotation on the next joint, as, per ex- 
ample, for Fin J, Fig. 20. 

r. 5,07 = 10000 X 12, 
or, I., = — Y. 5,07 + 10000 X 12 (rotation round b);, 
1000_0^^^ 
5,07 
and because iu the following the form of equation always will be 
kept similar to I., the forces in their aim to turn to the left, liko 
Y round b, will be signified by — , the same as a compressive 
strain ; and the forces to the right, like the hands on a watch, or D 
round b, will be signified by ~i-, the same as a tensile etrain. 
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SUSPENfJiON BRIDGE. aW 

21.] According to tliis we liave for Z, Fig. 21, 

O^Z.5,59 + D. 12 (rot. r.d), 

Rnd for r,, Fig. 22, 

22.] = — r,.5,o9 + i).I2(rot r.6); 

Y = 1"^'"^ X 1^ = 21467 
' 5,59 

When a diagonal, s, sustains the parallelogram, so tbat bj' a cut, 
at, three members, Z„ Fi and s arc separated, we have for the defi- 
uition of 8 the poiut of rotatioD, as before mentioned, Jn the inter- 
section of Zi and Y, ; but Zi and Fi in their direction are parallel, 
and therefore without intersection at all. In tins case (the same as 
for diagonals in girders with parallel top and bottom flanges) we 
go 1 suppose a point of rotation, 0, at any distance in the direc- 
tion (axis) X, and find thus from Fig, 23, where a; ^= oo , or in- 
finite — i.e., tiie lever of all forces, acting in a vertical direction 
upon the section ^= a: . 

= — a. oD sinp — Z>.^+J3-'-o (''ot. r. 0); 
or, because qo is a factor of each part, 

= — s . sin ?> — 10000 4- 1 0000. 
In this equation, a . sin . p (coinji. Fig. 56 on semi-girdera) is 
2 1 1 the vertical componont of » (Fig. 24), and acts right-angled 
to the axis, x, like D and p. 
The angle y for ovir example = 25' ; 

sin f ~. 0,422 (see table), 
and therefore = — s X 0,422 — 10000 + 10000, 
or a -^-. 0, 

showing that, as in Fig. 19, the diagonal, s, is without any strain 
and only useful for preventing dislocation. (Compare parabolic 
25 1 girders, to wliieh this case is similar, because a parabola can 
be constructed through the sustaining points a, d, e and c, and 
therefore differs in this from Figs. 25 and 63.) 
no -, For a reversed structure (Fig. 26) the strains will be the 
same, but of reversed signs. 

In the following calcidations of roojs and bridges it will be shown 
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that the Method of Moments is thoroughly applicable, leading di- 
rectly and in the most coroprehejisive manner to distinct results ; 
but for a preliminary estimate of strain in the top and bottom 
chords at the centre of the structure the most simple way to define 
this strain may be stated by the following: 

As the fianged girder in Fig. 27, charged with an equally-dis- 
tributed load, Q, will be exposed at its centre to the same 
np' exertion as the girder in Fig. 28, fixed at the centre, the 
moments will be for both, when 'P'=; depth of girder and 
I = length {the load being equally distributed). 

Mom =:-f--- r= V.x (rot. r.o}; 



tension in flanges ; 



2 4 10 J 
— — ■ ^= = compr 

so Q^ 30000 lbs. ; V^ 5,59'; and I ^ 36'. 

2 4 

and — '- = 24150 lbs., the strain in the chords. 

5,59 

It is to be observed that, the result is rather too high when ap- 
plied upon a truss with few panels, as in Fig. 26, on account of the 
reactive pressure of the support, diminished by the partition of the 
direct load on this place. 

On account of its being a very convenient method we recommend 
it ; and in the following bridge skeletons we refer to it veiy fre- 
quently. (See D, Example I., and Sect II., nute.) 
on 1 For a girder charged with a single weight at the centre 

■■' (Fig. 29), we make a comparison with Fig. 30, and find for 



both 



SO.] and 



Mom = ^ - - = V.x=iP.l, 



i. e., compression or tension in tie top or bottom chords, the for- 
mation of moments for a point of rotation, o, being very compre- 
hensive. 
When P= 15000 lbs., 
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B. EOOF C0H8TE 


:ucTioN. 


bnt 


F= 5,59, and/::- 36. 


(as before). 


eoflie 


15000 36 
15000 ^ 36 

—^ X — 

= 24150 lbs., th( 


- 135000, 


aud 


3 strain in i 



J flangK*; 

6,u9 

showing tliat, for tlie same exertion, a beam loaded with a single 
weight, P, at the centre can bear only one-half of an equally- 
distributed load,.§, 

[PlMes S, 4 .ind 5— cmliracmg Fig=. 13 (o SO.] 



E. ROOF CONSTllUCTION. 

For small and not complicated roofs, experience is a common and 
in general, also, a sufficient guide. But experience is very limited, 
and not every constructor has opportunity and time to acquire it. 

The true and acceptable guide for a safe practice will always be 
the calculation ; and since, especially for complicated and more 
extensive combinations, the application of mechanical science has 
become unavoidable, the following compendium, leading from the 
simplest to the most complicated structures, will givo for almoot 
every purpose sufficient information. 

By construction, when EG represents the weight at the centre 
c n °^ gravity, G (Fig. 31'J, the body will be at rest when 
Fig Sl'J ^^'^ P^^"^ ^^ ^^ right-angled to the line BE ; CE hemg 
horizontal — i. e., right-angled to the vertical line EG. 

Let EG be an assumed length, then in the parallelogram of 
forces the intensity of EK and EH is measured in proportion by 
the same rule. 

For an angle, ^ ::= 25° of a rafter with the horizontal line 
gjs 1 (Fig. 3P— similar to Pig. 16 reversed) leaning with the t^p 
end against a wall, the heel at A being morticed ; we then 
have 

sin' (J = 0,17; 
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32 THE THEORY OF STRAINS. 

cos' i? ^ 0,S2. 
IVhen W is an equally-distributed load of 20000 Jbs., tlicii 

ff=JJ. = |x^= ™°»- '" 

The vertical force, V, at the top of tbe rafter ;= 0, and tba ver- 
tical pressure Fj of the beel =; 20000 lbs., or equal to the entire 
load. ' 

Also the vertical force, Vi at the centre = 20000 lbs. 

The pressure in the rafter Jlself (compression) = 

. .. 6,59 " -'■'>■ 

The entire pressure. It, of rafter toward the support, 

■^ = V"ff+~H^ = 29300 Ihs. 
Its direction can be constructed in loaking £"=; 2A^=1j.,13 feet, 
S, and Vi forming the sides of the parallelogram. 

When P = 10000 lbs., a single weight at centre of rafter, 

H= IT, =^---==lQ7ZZ ; 
2 h 

and V, ^ F, = 10000 lbs. 

When in Fig. 31^ by FM the weight of the body ABCD is rep- 
„-, 1 resented, then FN, the force toward the wall, results in the 
horizontal and vertical forces CH and CF. 

FL, the force acting perpendicular to the plane BI, in the direc- 
tion BF. 

G, the centre of gravity. 

GF, vertical. 

CFiCB, or <J'CB = 90°. 

BI i FB, then BI is the direction of the plane required to 
make tlie body at rest. 



FN = P =: -G a, 



-.iGam2« 
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B. ROOF COKSTKUCTION. 33 

n-ii-i Let the sloping body ABOD (Fig. 31^j be supported by a 
wall at its lower end, D, which coincides with tlie surface of 
the body ; 

Let G be again the centre of gravity ; 

It is required to cut a notch out of the body at the upper end, 
C, so that it may rest upon the top of a wall which is made to fit 
the notcSi. 

Make GE vertical ; 

From D drawD£ I to CZ> ; 

Join EO, and draw CF at right angles to it ; then the notch at 
C being cut, the body ABCD will be at rest, 
oi, -, A body, ABCD, resting on suppoits (Fig. 31°), will only 

produce the vertical strains Q and Q at the sup- 
ports. "'^- "'■ 



DL * DL 



Plate 7,1 For Figs. 32, 33 and 34 we have, again. 

Fig. 32.J 

— = sm (T ; — =; cos J? ; ^ =^ taog ,f ; ^ = cotg i9 ; 
ac ae ah bo 

sin2^ = sin 50° = 0,766; 
and when upon each rafter W = 20000 lbs,, equally distributed, v 
have for Fig. 32, 

' "^ 2 h~ 



2 k 
and, again, R = i/ff,' + V,' = 29300 lbs. 

For an angle ? = 26° 34'; the horizontal thrust wi!! = 20000 
lbs. — i. e., the same as the entire weight (Comp. Fig. 16.) 



For Fig. 33 is, as the rafter in a vertical ilircetioii, s 
tained on the top, 
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and the compression in the rafter, 

W 

— ■ sin ;3 = 10000 X 0,422 = 4220 lbs. 

For Fig, 34, when the rafter h sustaioed at the top hy a vertical 
post, 

^= fl, = — - sin 2 ,? = 3830; 
4 

34.] r=W cos' j9 = 20000 X 0,82 = 16400 ; 

W 
F, = -^ (1 + sin'j5) = 10000 (1 + 0,17) = 11700 ; 

and the compression in the rafter = 

W 

— ■ ein ^ = 4220 lbs. 

In the cases in Figa. 33 and 34 the post relieves the tie-rod or 
(as here, in the absence of a tie) the wall from a part of the tlirust 
of the rafters, and compared with the truss in the preceding we 
Bee that the king-post a«ts in a dilTircnt way. 

The different combinations of this single hanging-and-tlirust 
construction may be disregarded, and by the following calculations 
the method of raomente thoroughly applied. 

A rafter being constructed in this way (Fig. 35), without con- 
nection between the point e and the horizontal tie-rod aa, there are 
two different systems, that of a trussed beam, aec, similar to Fig. 16, 
„~ -. and that of a single triangle like Fig.-32, and it is as there for 
the same angle, (?, and a load = 20000 lbs. upon each rafter ; 
tlie horizontal thrust, S, at the top, aa also tlie tension in the hori- 
zontal tie-rod = 21467 Ihs. The trussed rafter is understood to be 
calculated like Fig. 16 in combination with Fig. 31''. 

When the weight of structure, snow and wind-pressure upon a 
on -1 roof (Fig. 36), for one square foot of horizontal projection, 
in all = 50 lbs., and the width between the supports or jl C ^: 
40 feet, the distance of rafters = 10 feet, then 20000 lbs. is the 
entire load, or 10000 lbs. upon each rafter, supported at A, B, C, 
D and K 

The pressure of one-half of the weight, or 10000 lbs., on the 
Bupports is counteracted by the direct load of 2500 Iba. It is there- 
fore the reacting force, D, only 7500 lbs. (See Howe Truss, 
Beet. I., D.) 

For a section separated by gt we can define at once the strains in 
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B. HOOF CONSTEUCTIOH. 35 

E, y and x:^, so for x„ considering the forces acting upon this section 
and the point of rotation in the intersection of y and x or F.- 
(Fig. 30'.) 
36'.] =:= 1-, . o + D . 20 — 5000 X 10. 

(Comp. Fig. 20, Eoyiit. I.) 

The arm or lever, a, can be measured near enough from a skele- 
ton = 9,6'. 

Besides, for the ca!cul;iiion of a we have for the angle ABG 
(Fig. 36), 

A0= OS.tmg< ABO, 

or tarn. ABO = ^ = ~ = i = l,33Z: 

i. e., < ABB = 53° 7', and sin 63° 7'= 0,8; 

a = BFsm<ABG=12 X 0,8 = 9,6; 

therefore = ^1-9,6 + 7600x20 — 5000 X 10 ; 

For i (i-ot. r . E, Fig. 36"), 

= ~ z . 6 + 7500 X 10, 



Lnd for ;; (rot. r . A, Fig. 36'), 

0^y.c-\- 6000.10; 

O^y. 10,75 + 50000, 

50000 .„,„ 

-e (jot. r . F, Fig. SS") is, 

= 1 . 9,6 + 7500 X 20, 

150000 ,,„„ 

. = ~-^j^ = -16625. 

la regiiiJ to tlie vertical V, we use for its definition the strain of 
the joining brace, x, = — 10412, and make d a curved line ; then 
we have, fur a ri,t. i- . P (Fi^. 38"), 

= —K. 10— C— 10412). 10,9, 
or = — r. 10 + 113490; 
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37.] Tlie resuliB are combined in Fig. 37. 

For Fig. 38, tlie entire load (equally distributetl) again being 
gg, 20000 lbs., the depth 15', and between tlie supports 40'. 
Wlien here the cut at separates the line ^iI/a, wc have fur x, 
(rot. iQ the intersection of y,z,, or F, Fig. .59), 

= ar.. 9,1 — 5000 X 5i + 7500 X 15i ; 

39.] .,= -^-^^-5 = 9752. 

-' 9,1 

For y, (rot. r . A% 0^ ~yi . 15 + 5000 X 10, 



and for 2, (voL r . C), 

= — 2i . 15 — 5000 X 10 =^ 7500 X 20; 

3, = 4- 6,666. 

40.] Frtr a section, d, through x and s, we have for a; (Fig. 40), 

0^:b.9,1 + 7500 X lo}(rot.r.F); 

.^„1'«250^_,2774: 

y,] 

and for x (rot. r . D), 

= — 2.7,4 + 7500 X 10; 

For y (rot. r . ^) Js, = i/ - 12,5 + 500C X 10 ; 

y = -^" = -4000. 
^ 12,o 

41.] The results combined in Fig. 41. 

_jn-] When the figure before is changed iu the deptli, Jike FJg. 

42, we have the following equation : 

Q = z,. 5,8 —5000 X 3,25 + 7500 X 13,25 (rot. r. F, Fig. 43) ; 

83125 ^_ 

5,8 

JO -1 For tlie definition of y„ the intersection of ^i and zi will be 

■' in G, and it is for G a? rotation, 

= — ji. 8,25 4-5000X6 + 7500X4; (Fig. 48,) 
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Si = 


60000 _ 
8,26 


Pop J, 


(rot. r 


•C) 


we have 






0: 


^" 


3, . 12 - 

2,= + 


-5000 X 10 + "500 X 20 
""'«™- +83S3. 



12 

44.] For a section, st, through x and z (Fig. 44), it i.4 
= a: . 5,8 + 7500 X 13,25 (rot r.F); 

.:=-^5^ = -17133; 
5,8 

and = — ^ . 5,2 + 7500 X 10 (rot. r.D); 



anti fori/, ^ j/.12,5 + 5000 X 10 (rot. r.^); 
50000 .^^^ 

y ^ " -^ = - *ooo. 

45.] The results combined in Fig. 45. 

Plate 9,1 For the definition of X in Fig. 4G, the point of rotation 

Fig. 46.J in E, or in the intersection of Y and Z, will he from 

Fig 47. 

47.] U=X.a^— P.CE+ D.AE; 

^ ^^ P.CE—D.AE 

For r'we choose A, or the intersection of X nnd Z, as the point 
«f rotation, and the equation will be 

(i = —Y.y-\-P.AC-^Q.AE, 

y 

aod ill tlie same way for Z, rot. r . H. 

= — Z .z ~ Q . EL ~ P. CL + D . AL, 
y -= -~<i-^h~P.CL^D.AL 

It will not l*e necessary to show, hy riipetil.ion of tiic forejini'.ijj, 
tha equattoiii fur the other parti of the structure. 
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JO 1 In more complicated systems (Fig. 48), it may happen that 
by a cut, si (which can be made curved as ncH aa straight), 
different braces or i-ods are spared, like FG, DG and DE. 

In thiis case it is possible to come to a direct result when af 
only can be laid so that all the braces or rods cut by &l meet at 
one point, except that one whose strain is in question. 
49.] So for the strain Y in FG (rot. r . H, Fig. 49), 
(i-^—V.FH—R.r; 

50.] In tile same manner the strain V in BG (rot. r . H, Fig. 50), 
(l=V.u — F..r; 

thus we find also the strain in KT and ZT. 

I-. -, Being by the foregoing in possession of a value ibr U in 
'' '■* DG, we fiiid ff-r the strr.in X in DF, Y in DE, and Z in CE 
the following equations from Fig. 51 : 
= X. DE+ U\ v — Q. KO-~P. MO + W.AO (rot. r.E); 
Q^Y.AB + U.l+Q. AN 4- P. A3I (rot. r.A); 
tj^ — Z.z + W.AN—F.MN (rot. j-.iJ); 
each one enabling us to obtain a direct result for the strain in 

PUf« 10,1 For a roof (Fig. 52), the weight of which, 11,3 lbs. 
Pig. 52.J per square foot of its horizontal plan, may be calct:- 
lated 20 lbs. for wind pressure and snow, making together 31,3 lbs. 
per square foot. 

The distance of rafters being 15J feet, the width, 100 feet, makea 
for each rafter 153 X 100 X 31,3 = 48000 lbs. (approx.). 

The load at each apes, therefore, will be — - — = 6000 lbs., the 

distribution of which is shown by the skaleton. 

For the reactive force on the supports is again 

D = 24000 — 31100, or Z) = 21000 Ihs. 

There are, in all, seven times 6000 lbs. acting downward, and 
twic9 21000 }ha. acting vcrtiraily upward upon the system. 
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B. KOOF CO.N" STRUCT! ON. .59 

g- -. Th« section. A, s, I (Fig, 53), kept in equilibrium by the 

replaced forces, x, ^ and z, may be regarded first aa a lever 

with the iiilerum at D ; tlien the strain in x for the middle sec- 

0=a:.18,6 + 21000 X 50 — 6000 X 12,5 — 6000 X 25 — 6000 X 

37,5, 
or T = 32300 lbs. ; 

and in y, when A is the point of rotation, 

= y. 38,4 + 6000 X 12,5 + 6000 X 25 + 6000 X 37,5 (rot. A) ; 

7/:=— 1170011)3., 

and 

IJ = — 2.15+21000X37,5 — 6000X12,5 — 6000X25 (rot-r.^O. 

Z = + 37500 lbs. 
64.] For V in Fig. 54 the rotation also round A ia 

= —V. 37,5 + 6000 X 12,5 ^ 6000 X 25 ; 

r= + 6000 lbs. 

For the other members in Fig. 52, 

= x,, 13,9 + 21000 X 37,5 — 6000 X 12,5 — 6000 X 25 
(rot. r.F): 

x,= — 40400 ; 

= y. . 23,5 + 6000 X 12,5 + 6000 X 25 (rot. r.A); 

^,= -9570; 

= — s,. 10 + 21000 X 25 — 6000 X 12,5 (rot. r.G); 

J, = + 45000 ; 

= — F,.25 + 6000 X 12,5 (rot. j-.^); 

F, = + 3000 ; 

= K, . 9,3 + 21000 X 25 — 6000 X 12,5 (rot. r.S); 

x.i = — 48400 ; 

= y,.f),S + 6000 X 12,5 (rot. r.A); 

y,= — 8100; 

= — ^, . 5 + 21000 X 12,5 (rot. r.!); 

z,= + 52500. 

For the strain in x^ we choose a convenient point for rotation in 

the line e, per Example D, Fig. 55. 
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55.] The equation in tliia case ivill be 

(l^x,.lS,Q + 21000 X 50; 
1-3 = — 56500. 
The only atraiii not directly deducible is V in tlie vertical line 
CD at the centre. 
As in Fig. 36, ive use tlie strain of the joining brace, 
x = — 32300 lbs. 
56.] For B as the point of rotation (Fig. 56), our equation is 
= —U. 50 — 6000 X 50 — (— 32300) . 37,2 ; 
C7= 18000 Iba. 
57.] The results combined in Fig. 57. 

The weight and load of a roof (Fig. 58) being estimated, in- 

gg 1 eluding wind-pressure and snow, to 50 lbs. per square foot 

of its horizontal plan, the distance of rafters being 12 feet, 

and the apace between the walls 99 feet, which gives 50 , 12 . 09 = 

59400 lbs. for one rafter, or, in round figures, GOOOO ibs. 

The calculation of the top structure can be made as in the pre- 
ceding example (Fig. 36). 

In the main constiiiction are six supporting points, charged aa 
1 Fig. 58, The top structure transmits one-third of the 
entire load, or on each post 10000 lbs. to the apexes, ff. 
Each wall baa to bear 30000 lbs. ; and after subtraction of the 
direct load the reactive force is 26666 lbs., or, by calculation, 
n — 6666 (11 + 22) 13-S33 (33 + 66) 6666 (77 + 88) _ 
~ 99 '^ 99 "*" 99 ' 

D = 26666 lbs. 
59.] For the strain a-j we have iii Fig. 59, 
= ~^,.21 — 13333 X 16J -- 6666 (27J + 38,0 + 1). 49* 
(rot. r.h); 
or, also, 
= — a;3.21 —6666 (11 + 22) + 26666 X 33 (rot. r./); 



Further, 
= 2i . 21 ~ 13333 X 16J — 6666 (27i + 385) + D.49i 
(rot. r . g). 



58.] 
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B. HOOF 0(?:«STi:UCTIOK. 41 

^=_55??67 = „si427, 
^ 21 

and 0=y,.39,5 + 13333 X 33 +6666(11 +22) (rot. r.a); 
y, = — 16708. 
The tie-roll, gh, traiifimits the Btrain to the top flange, and is here 
sustaiaeil by tlie counter-brace, ek. 
60.] From Fig. 60 ia 

^~x,,U — 6666 X 11 + Z> . 22 (rot. r.d); 

.,=.^1^ = 36665; 
14 

= z, . 17J — 6666 (11 + 22) + 26666 X 33 (rot. r.e); 

17,75 
= y, . 26,7 + 6666 X 11 + 6666 X 22 (rot. r.a); 
,j,^- 8223. 
61.] Pig. 61 gives the equations, 

= — a:, . 7 + 26666 X 11 (rot r.b); 

a;, = + 41902 ; 

= 2, . 13 — 6666 X 11 + 26666 X 22 (rot. r.c); 

z, = ~ 39485 ; 

= !/, . 13 + 6666 X 11 (roL r.a); 

y, = -.5640; 

and for 2, we find from the same figure, 

= ?..13 + 26666X22; 
Bi = — 45125. 
62.] For the strain in tie-roda we find from Fig. 62. 

= — n . 33 + 6666 . (11 + 22) (rot. r . a); 

73= + 6666 ; (Coinp. Fig. 68.) 

= — r,. 22 + 6666X11 (rot. r.a); 
F5= + 3333; 
— — Fl.ll + 0(rot.^■.a),■ 
Vl = (and is therefore not essential). 
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3.] 



The strain in V, at the centre rod, according to 8", can I 
defined tlius : 



2B,7 

The results are combined in Pig, 63. 

When in Fig, 64 the rafters are trussed — i. e., stiffened by a 
n, 1 king-post at 5— there will be only four supporting points in 
the main construction, because the load iu this case is trans- 
ferred to the wall. 
„ 9999 X 22 ^ 13333 (33 + 66) , 9999 X 77 „„_ ,, 
^= 99 + ~~99 + ~~^~ - ^^^^^ ^^'■ 

Plate 12,1 Further in Fig. 65, 
Fig. 65.J 
^ a:, . 21 — 13333 X 16J ~ 9999 X 27! + 23332 X 49 J 
(rot. r.h); 

X, == 31427 ; 

= a, . 21 — 13333 X 16J — 9989 X 27 J + 23332 X 49i 
(rot. r.g); 

s, = — 31427 ; 

= )/, . 39,5 + 9999 X 22 + 13333 X 33 (rot. r.a); 
y^ = — 16708, 
66.] And from Fig. 66, 

= ~a;,,14 + i>.22 = — Ki.14 + 23332 X 22 (rot.r.d); 

cTi = + 36665 ; 

= ^, . 173 + 23332 X 33 — 9999 X 11 (rot. r.e); 

^ = —37180; 

= y, . 26,75 + 9999 X 22 (rot r. o) ; 

y, ■= — 8223. 

67.] For ZwB have hom Fig. 67, 

^ = 2i . 13 + 23332 X 22 (rot, i- , e) ; 

Z, = — 39485, 
68.] See the results in Fig. 68 combined. 

The strain 7. = 26200 lbs. can be defined independently of the 
Method of Moments by the parallelogram of forces, as in Pig. 63, 
already shown, 

7. = 2C— 16708). cos =c; 
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SEMI-GIEDEES LOADED AT THE EXTREMITY. 43 

and when by means of counter-braces, e, h, the top chord is re- 
lieved from the strain, so that one-half to each side is transported 
to the tie-i'ods, e,/, then here the strain will increase to 13000 -f 
6666 = 19666 lbs. 



In a conibinaticn of rafters (Figs. 69, 70), the pressure of 
70j ' 



,1' j tiie end rafters upon the wall results in an outward horizontal 



irtical force. 

Different from this is llio action of the intermediate rafters, 
being similar to an oblique bridge-truss, sustained at the top chord. 

The horizontal force at the heels of the intermediate rafters ia 
opposed to the horizontal force of the end rafters. 

[Plates 6, 7, 8, 9, 10, 11 and 12— embracing Pigs. 31 to 70.] 



C. SEMI-GIBDEES. 

I. SEMI-GIRDERS LOADED AT THE EXTREMITY. 
i]j . 1 n -1 As ihe most simple presentation for a weight, W, the 
Fig. 71.'J st''ess in struts and tie-rods is inscribed in Figs. 71 to 

74, and t!ie parallelogram of forces connected. 
73.] To compute in Fig. 73 the stress in the lower ilange, w. 



rf/ 






z_ 


— W.i 


sec «. i 




Z-- 


= _ 


-TF.se 


c «.si 










Z = 


-2TF. 


.see oc 
tang 



Z= -2ir.seca^i^iia^=-2Tr.tangoc 

(much easier determined in Fig, 77 by the Method of Moments). 

From Fig. 73 and the following wc see that, for a load at the 
extremity, the diagonals are strained equally and alternately with 
tensile (+) and compres.=ive C~) strains. (Comp. Fig. 23.) 
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44 TliE THEORY OF STRAINS. 

But the strain in the flanges increases toward the support in 
each, 

2 W. tang « , 
Tvhere « is the angle of diagonals with a vertical line, 
75.] For a belter presentation of this, see Fig. 75, and for the 
calculation apply the Method of Momonis. 

yg -1 When by a cut, et, a section of the stiaictiirc is separated, 
77' J we have for the flanges as equation of equilibiium (Figs. 
76iuKi77), 



— — 3-, . f£ -j- I", ca (rot. r . 6), 
or for (b^=h, iindac = i; 

^. = + "''5^- = + IF.tUl,g«; 
78] ui.d bv Fi;?^. 76 and 79 ; 



= H- 2i . /i 4- Tl'. 2 I (rot. T . a') ; 



a = -~x,.k + W.Zl (rot. r . e) ; I == + 2. ■ /t + li" ^ I (rot. r . /) ; 
-, = + 3)f-.-'-==3F.tangar. I ?,:..- 4T]^- ^ =- -4Ti>: taiig^ . 

In the same manner is 
Qz=-.~x,.h-\-W.bl (rot. r.fi); 1 = + s, . .'i + ir. 6 1 (nit. r . /,) ; 

A %\-rougbt-i)-on crane (Fig. A), (vmsiructpd nf bracos 
Plate 14,1 ^^.j.jj liji^.jointa^ nwy he "loaded at tbo extronuty with 
'^' ■ 30000 lbs. = P; so is (for the dimensions noted in the 
i^keleten) the horizontol strain, S, in a and b. 

0= — S.6 + i'.12(rot.r.a); 
5"= 60000 lbs; 
B.] and for ilie other members we have 

= — «, . 0,7o + (rot. in the intersection of y, and r^ or </, Fig. E) ; 

E, = 0; 

o = y..l,l— P. 2,1 (rot-r.i); 

' 1,1. 
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BEMI-OIKDER9 l.OADJZD AT BACH APEX. 45 

= s:,.l,8 + P.4Crot/)i 

.__?55E:i= -66666; 
1,8 

C] = — «, . 1,99 + P. 4 (rot. r . «, Fig. C) ; 

= y,. 4,4 — P. 1,2 (rot. r.k); 
y, = + 8168 ; 
=x^.Z+P.8 (rotr.d); 
a-, = — 80000; 
D.] 0= — 33.3,2 + P. 8 (rot. r.c, Fig. D); 

£, = 75000; 
= x,.4,2 + P.12 (loLr.b); 
Xi =^ 85700. 
For j/s the intersection I of 3:3 and Sj is to tke left of the sus- 
peiideii weight, and the symbol reversed. 

~ J', . 7,25 + r. 2,6 (rot. r.l) ; 
y, = ~ 10758, 
which would be = when the intersection ia in the vertical line «f 
the suspended weight, as tlie lines oe and pc in Fig, A iodieiite. 
For the verticals, V, we have from Fig. D, 

0=— F..10,l — P.6,1 (rot. r.m); 

r,^ 18118; 
= — 7^.26,5 — P. 18,5 (mtr.n); 
v., == — 20943. 
E.] The results TOmblned in Fig. E.* 

II. SEMI-GJEDERS LOADED AT EACH APEX. 

In Fig. 25 is occasionally exjilained hnw to compute the stress in 

diagonals, as liiere is no intersection of joining Sanges, x and z, and 

as in the case here considered the diagonals receiv^Jit eanh loiided 

* For most piirpoien the abnve will be sufficient. In GWiiii's ruiiimpiiiHry 
trentiBS on the Canstructioo of Crimea we find valuable and complete drawii'^i. 
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46 THE THEORY OP STRAIKS. 

p. . -jr -] aisex an iiieronient of strain, prior to tlie calculation 
Fi", 80J ™''y ''^'•^ "'"''■" '''"■ g'-'o-^'al thc-iis that tJie drain in two 
diatjoiiah whose inkrsectloii. m at an imloaded jyoivd is 
the amne hi riwneriecd ■ealiis, but of oj^po^ite cliavader, (Fig. 80.) 
(See IV. General Rpmarks.) 

The strain in diagonals, meeting at ii loaded point, is in mimori- 
cal valae ilificront. 

The strain in flanges increases from apex to apes in geometrical 
progression. 

In Fig. 81 suppose tlie angle p of diagonals with a hori- 
zontal line = 45^, so, also, angle oc = 45°; and by tlis table, 
sec ec = 1,414. 

"When, again, in the axis a: ;= « a point of rotation, o, is sup- 
posed, we have per example for diagonal, jj. 

= -{-y,.xda<f + ( W+W + '^pj.^ (tot. r . o), 

where y^ . sin f is tlie vertical component of y^, or —-- ab -— afi, in 
the parallelogram of forces (Fig. 81), presenting by y^ the rcr^ulting 
strain or diagonal. Divided by x, it follows ; 

= + y,sinv+{w + W+^X 

an<! as © = 45', and sin 45° ^ 0,707, 

0^ + t,,.0,707 + §.fr. 
or ys = — 3,535 If. 

The same results from — f ir, see oc , or — | . W. 5 ,41 4, ti'Ii irh is 
also ^ — 3,535 IK 

on -1 In the same manner in Fig. 82 for y„ the direction of 
which, when separated by a cut, si, is reversed to the weight. 
(See Figs. 22 and 23.) 

W 
= — y,.sin45 + y (rot. 0); 

= + ^— and = — -t^ ■ 
and for the other diagonals, 

0=--|-j/,.0,707-f TF + -J. 
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BnMI-GIRUJSKS 1,0ADED AT EACH APEX. 

, =—J]L., and) =4.J^— 
^' ~ 0,707 ' ^° ^/^ — + JQ7 • 



•^ 0,707 '' 0,707 

83.] For tlie strain in flanges we have from Fig. 83, 



Xi ^ — ^ . or as — = tang x . 

I . cotg X cotg =c 

a:, ^= -J TT. tang qc ; 

and when TF ^ 10 tons, < p ;= 60°; therefore < « : 

and tang 30' — 0,577 (" Example Stoney") ; 

a:, = 5 X 0,577 = + 2,9 tons ; 

or when, for an easier understanding, in Fig. 83, 

/ . Catg QC ^: h, 

84,] we have for a, in Fig. 84, 



= iEii. 

"^'^ A ' 

and as ■ - ^ tang «: = 0,577, 

ft 
for OUT example, 

a;, -=|.ir. 0,577 =1 X 10 X 0,577 = 14,5 t( 
85.] So for x, ia Fig. 85, 



X, = \^-. W. 0,577 = 37,3 tons, 
and so further. 
86.] For the strain, s, in the lower flanges, 



- = — 10 X 0,577 = 
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87.] Fig. 87 gives 

IT 
= + e^.h + W. 21 -{- ~- ■ 4l(rot r . i); 

2, = _4H'-^ = — 4X 10X0,577^ — 23,2 tons. 
k 

In the same way for s„ 

S3 = — 9r.- = — 52toiis. 
h 

og-i In case tlie load should he connected to die lower apcx«;s 
(Fig. 88), the equation of equilibrium, per example ibr ej, 
TTOuId be 



2a ^ — \f. W- - = — 37,3 tons ; 

i.e., the strain is the same as in the flange of the reversed figure, 
but of opposite character. So also is the strain the same ibr the 
other flanges. (See Fig. 88.) 

Reinarh. — In the given example the strains are determined with- 
out a certain length for A or i This is easily explained by the 
relation which the angle f or <k bears to h and /,'as by the exten- 
sion of one, the other will increase in the same ratio. 



[Plates 13, 14 aTid 15— em bracing Figs. 71 to SS.] 



D. GIRDERS M'lTH PARALLEL TOP AKD BOTTOM 

FLANGES. 

(Caleulaied for a Perivfinent Load.) 

1. SmAXN IN DIAGONALS AND ILiniCAL'- 

The calculation is \erj «iniilar to the preceding Pimir'ed, 

again, the load to be connected to the upper or loner apexes for 

the application of the Method of Moments, wl now couMder as a 

special force the reaction of the supports toward the fl>&t«m 

A may represent onelalf the weight of loaded truss or the 
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STRAIN IK DIACJOKALS ANI> VKBTICAI.S. 49 

pressure- upon each support (prop), and dimmished by the par- 
tition of load on this place directly sustained, (Comp. Fig. 21.) 
Tbe reactive force of eupport wanted for our calculation will be 
signified by I). 

To compute D, we refer to Fig. 4 in Sect. I., and define first for 
the following example its numerical value : 

Plato 16,1 Through bridge (over-grade bridge), between supports. 
Fig. 89J 48 feet; 

8 panels, each 6 feet =^ I; 
depth of truss ^= 6 feet = k, from centre to centre of top and 

bottom chords ; 
tbe weight of structure = 3000 Iba., and the load = 15000 lbs. ; 
gives a permanent load -= 18000 lbs. per panel ; 
rolling load = 0. (See Sect. II.) 

For the distribution of load, ace Fig. 89. 

Remarh — The strange impression which the arrangement of 
diagonals, unsymmetrical toward the centre, may first proiluce, will 
soon disappear after observation of the advantages for tiaiisfunna- 
tion upon succeeding systems. 

Whole pressure of truss upon supports =8 X 18000^=14400011)?.; 
A = 180()0(i+| + f + H-| + f + f) + 9000X1 = 72000 lbs.; 
i>-18000(i + f + f + t+f + i+i)-=630001bs. 

The strain in the post,^, is 0, because x, ;= 0, 
and 7b = — 63000.* 



0.] 



Excepting the vertical component of y, (i. e., y^ sin y), for 
a section (Fig. 90), only D ^^ 63000 lbs. is a second vertical 
force. 

Both turn to the left around o in the axis x^ ■ therefore their 
symbol, — . (Comp. Fig. 22.) 

* For a deck-bridge {uiider-grade bridge) — i. e., when the Tipper apexes ara 
loaded — would be 

K, = — 90OO, and F. = — 72000. 

The angle of diagonala with n horizontal line will be 45°. 
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60 THE IlIEOEY OF ETRAINS, 

= — j/i sin 45° — Z) (rot. r.o); 
and as sin 45° ^= 0,7, 

= — yi . 0,7 — 63000, 
or y, = -— 90000. 

Q, -. For Vi in Fig. 91, only D is acting vertically upon tliis 
section. 
jD turns to the loft around o, therefore 

0=+ F. — i? (rot. r.o); 
= F, — 63000, 
or F, == + 63000. 

92.] According to the preceding, from Fig. 92, 

= — !/, . 0,7 + 18000 — 63000 (rot. r.o); 
y, = — 64285 ; 
93.] and from Fig. 93, 

^ + F, + 18000 — 63000 (rot r.o); 
F,= + 45000. 
94.] Fig. 94 gives the equation, 

0^—y^, 0,7 + 18000 +, 18000 — 63000 ■ 
y,:= — 38570 ; 
95.] and from Fig. 95 we have 

=^ + F + 18000 + 18000 — 63000 ; 
F= + 27000. 
Now it will be unnecessary to farther accompany the remaining 
calculations with diagrams. 

= — J/,. 0,7 + 18000X3 — 63000; 

y, = — 12857; 

= + F4 + 18000 X 3 — 63000 ; 

F-= + 9000; 

= — y, . 0,7 + 18000 X 4 — 63000 ; 

yj= + 12857; 

0=+Vi+ 18000 X 4 — 63000 ; 

F = -9000; 

= — y,. 0,7 +18000X5 — 63000; 

y,= + 38570; 
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8TKAIS IJi FLASGEB. 

^ + Fs + 18000 X 5 — 63000 ; 

Fe = — 27000 ; 

= — I/,. 0,7 + 18000 X 6 — 63000; 

y, = + 64285 ; 

= + F, + 18000 X 6 — 63000 ; 

F, = — 45000 ; 

= — 3)8 . 0,7 + 18000 X 7 — 63000 ; 

ys = + 90000 ; 

= 4- Fb + ISOOO X 7 -- 63000 ; 

F. = — 63000. 



II. STRAIN IN FLANGES. 

The calculation of strain in flanges difiers in bo far from the pre- 
ceding, and wi!I give no difiiculty in uoderstending, as here a suit- 
able point of rotation — i.e., an intersection of those members, 
separated by a cut, st, similar to that one for which we want to 
compute the strain — is directly presented by the apexes. 

For a rough and preliminary control of strain in the top and 

bottom flanges at the centre of the truss, it is, as 72000 = one-half 

of the load, 6 feet = depth, and 12 feet = one-fourth of the space 

between the supports ; 

72000 X 12 

_ — __ = 144000 lbs., the horizontal strain in eacli flange. 

(Oomp. Sect. I., Fig. 28.) 
96.] For Fig. 9S we have the equation of equilibrium, 

0^^x,.h-j-D.O (rot in the intersection of ?/i and z, or a); 
;:, =^ ; 
97.] and for Fig. 97, 

= — Zi.h-\- D.l (rot. in the intersection of Fi and ar, or tT) ; 
e. = i? . ^ = 63000. 

98.] In the same way for Fig. 98, 

0=3^.A + D.Krot. r.c); 
= a;, . 6 + 63000 X 6 ; 
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82 THE THEORY OK STRAIXS. 

99.] and for Fig. 99, 

== — 2j . /(, — 18000 . / + jD . 2 / (rot. r ./) ; 

= — ^5,6 — 18000 X 6 + (j3000 X 12; 

%= + 108000. 

100.] 0=a^3.6 — 1SO00X6 + 63O00X 12 (rot. r.c, Fig. 100); 

a:, = — 103000. 
Plate 17,1 =^ — 2„ . 6 — 18000 (6 + 12) + 63000 X 18 (rot r . h. 
Fig. loU Fig. 101); 

£s= + 13o000. 
In tlie came way for tlie otlier flanges, 
= 3T,.6 — 18000(6+ 12) -[-63000X18 (rot. r .gr, FigSO); 

a^. = — 135000; 
= — 2.. — 18000(6 4- 12 + 18) + 63000 X 24 (rot. r.Zr); 

3, = + 144000 ; 

= a:s. 6— 18000(6+ 12 + 18) + 63000 X 24 (I'ot.. r. i) : 

xs = — 144000 ; 

^ — rs- 6 — 18000 (6 + 15 + 18 + 24) + 63000 X "0 (rot.r.m) ; 

Zi ^ + 135000 ; 

O^ia- 6 — 18000 X 60 + 63000 X 30 (rotr. 0; 

a:6 = ~ 135000; 
0=^ — J,. 6 — 18000 X 90+ 63000 X 36 (rot, r.o); 

^= -i- 108000; 
= — ^,.6 _ I8(H)00 X 90 + 63000 X 36 (lot r.n); 

•f, = — 108000; 
= — J, . 6 — 18000 X 126 + 63000 X 42 (rot . r . -j) ; 

e, = + 63000 ; 
= — ai,. 6 — ISOOOX 126 + 63000x42 (rot. r.p); 

x^ = 63000 ; 
= — Eb- 6 — 18000 X 168 + 63000 X 48 (rot. r.s); 
^, = 0. 
,«(,-, From lliG caicnlatiim of tlie first panel for a reversed 
system (FJg. 102), it will l>e perceived that here the riEuJjjt 
■t% the flame as before, and bo also for the otlier panels : 
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TR A N9 FORMATIONS. — GENERAI. UEMAKKS. 6S 

= + )/,. RID -ir," — J) (rot. r.o); 
^ J, . 0,7 — 63000 ; 
63000^ 

= -f Ki . ^ + D . ^ (rot. in the intersection of jii and Sj, or c) ; 

= 3^1 . 6 + 63000 X 6 ; 

x, = — 63000 ; 

0^= — Si.k -{- D.O (rot. in the intersection of ji and Xi, or 5) ; 

., = 0. 

,«„ , Tlie results of the foregoiug are combined in Fig. 103, the 

compressive strains being represented by double lines. 

III. TRANSFORMATIONS. 
, .. - 1 Truss syninrietricai to the centre, with vertical tie-rods and 

oblique braces. (Howe's system. Fig. 104.) 
jQ- -| Pratt ti-uss (Fig. 105), with oblique tie-rods and vertical 

braces, in which the vertical anchora, a, b, on the abutment 
can be spared, the same as in Fig. 114.* 



106.] 



IV. GENERAL REMARKS. 
For Howe's system (deck-bridge. Fig. 106), there will be 
in the vertical end post a. compression ^ 9000 lbs., at the 
centre post 0, and for the reversed system at the centre post, 18000. 

Further specification of ibis and the reversed and combined sys- 
tem, also for tlie isometrical tros.s, will be found in the connected 
tables (Figs, 108 to 117), forming thus a useful guide, especially 
for the strain in flanges. 

The ii/rain in flanges being n maximv,m. for a full load is to be 
calculated always for a full load, also in the case of a combitied (^per- 
manent and rolling) load, and it will be treated accordingly ia the 
following pages. 

The influence of a rolling load upon braces anA tie-rods, being so 
far unconsidered, is very essential, as there is at the centre a tend- 
ency to horizontal disloeation, whieh is prevented in the Howe 

* Keystone Bridge CompaTiy, PiUf!burg. 
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64 TH)3 TKIEOP.""-' r.P STRAiJiS. 

truss l>y counter braces, in the ioonietrical tims by counter-rods, and 
in other bndges by panel rods or biace^ 

In regard to the connecting of a lo&il, we wili only remark that 
fur both pTi-iiinert am' roUi ig ^oids it is quite the Bame for the 
diagonah and horizontal flanges whether the load is connected on 
tiie top (deck bndgp) o- on t'l^ bottom (thiough-bridge) or to the 
■vertical posts 

But &>■ the yoEt ....Klf m the last case we have to consider the 
thesis, Lbat 

Ths vedica' <c '^/"i^-t of d^'ogonals ts equal to the strain in ver- 
ttsals — (Ht-V of "i*"' ' ehaTod^ — when they meet at an unloaded 

"When, vherefora, the load 13 connected between the top and 
bottom of the veitica! t'aee, lotI> top and bottom apexes are un- 
loaded points , hence ti.e stra n m the upper and lower part of the 
vertical is -"he veriical •^t.ain (\eiti''dl component) of the adjoining 
diagonal, only of opposite cLaracter 

feo, for example, would be for the post V-,, in Fig. 105, in the 
lower part, 

— 90000 . sin 45", 

or — 9000C X 0,7 = — 63000, 

T7liich is the vertical component of the adjoining diagonal, the 

symbol ieiiig reversed. 

107.] I:i -ihe upper part i"oi:ld be (Fig. 107), 

— 64285 X C,7 = — 45000 lbs. (according to the same thesb). 

In genei-al, ive can derivs tha strain in the verticals fr.'oia t!ia 
diagonals wivhouu difficulty, fis for the same post, V,, from 
Fig. 105, 

F, ^ — «, . cos 45 ^ — i-42G£" x 0,7 =^ — 45000, 
and Fs = — ?.8570 X C,':' -- — 27000 ; 

V^^~ 12857 X 0,r = — 8000. 

DIBECTICNS rOE TUS CALOULATICN C^ COMPLEX SYSTEMS. 

For complex sysfsms, as ahawii in the noat bi^dge,* the Linville, 

etc. (Fig. 107" to 107"), the oai-jula^aon iai.y be made for each 

system separately, to derive t^e ctraia in bi-aces and tie-rods. For 

" Atlantic BHflge Works, New York. 
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QENEJtAI, REiTARKS. 55 

the stmia in flanges, iu laying the skeletoDs together, the covering^ 
parts of the flanges can be added, as shown in Sest. II. ca tiie iso- 
inetrical truss. Fig. 146,* 

In the same way, by observation of the aiigiss, thi3 Lr.2thod can 
be applied to lattice systems. 

When, in Fig. 107^, q is the weight per n:ii.t v/: length (foctj, so^ 
107°.] for an equally-distributed load, b ^^ iie Eaearing strain 
on the abutment, and at a point, A, the shearing strain = 

but at the centre = 0. 

107'' 1 When tlie greater segment of a girdir \z leaded ("ig. 
107°). the shearing strain at a pci^ii.. A, is 

q ■ ^^ the reaction, R, cf ilic r,«v.t:;i3Ut. 

This is the shearing strain throughout the "■jjn'sv.t ^, vrA in- 
creases, when the load moves forward, in the zzmi ratio ss the 
ordinates of a parabola. 

Subtracting the former quantity from the latter — i. e., 

2.^ 2 ^ ^ ^ 2.1 

showing that the shearing strain is greater when, instead of the 
whole girder, the greater segment is loaded ; aad this cjuantiiy 33 
the shearing strain throughout the segment b when the shorter seg- 
ment, a, is loaded. (Mr. Stoney.)| 

[Plates 16 and 17— embraciiig Figs. 89 lo 107.] 

* leomeltical Truss Bridge Company, PoHstown, Pk. 

■j- Mr. Shreve.in VanNostrand'B " Eclectic Engineering Ma;5a^ne," No.xx, 
August, 1870; Vol. III., page 193. 
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THE THEORY 01^ STRAIl 



E. COMPARATIVE TABLES OF RESULTING 
STRAINS EOR A PKRMANENT LOAD. 

{To Derive tlie Strains wiihimt Special Calmlalion.) 

I. SYSTEM OF RIGHT-ANGLED TRIANGLES. 
a, Singk System — oblique braces, vertical tie-rods. Fig. 108. (Howe 
truss.) 
1. Through Bridge (over-grade bridge). 

p signifies the load and weight for one-half panel ; therefiire 2p 
ia the vertical strain at each apex. 

For a full load, denoting the number of panels in one-half of tlie 
girder with n (here = 5), and the respective panels from centre of 
truss toward the end with x, 

Ho= + 2jp; I?;-+(2a-+l).^; IT. = o; 
ft ft 



2, Deck Bridge (under-grade bridge). 
PI tj> 18 1 Here the tension in the vertical connecliorts (tic-rods) 
Fie lOs'J ^''^ ^^ diminished each 2p; i. e., in the skeleton (Fig. 
108), 

IT^ = o; H= +p; if^^ + Sp; H3=-\-?>p, etc. 

The vertical post on the abutment will have ths compression 

In the strain in flanges and oblique braces there will be no 



b. Single iS^sfem— vertical braces, oblique tie-rods. (Fig. 109.) 
1. Through Bridge. 
For a full load, 

H^ = o; H.=^-~(2x — l).p; 



i),= + (2:.-l)p-^; p, = ~ln'~(x~l)'}p- 
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SYSTEM OF KIQHT-ANGI.ED TRIANGLES. 57 

S, = + P(^x+l) = + in'~x')p-''^^- 
2. Deck Bridge. 
<j)Q 1 The strain in the vertical braces will he increa.scd ouch 
~ 2p, 50 that in the skeleton (Fig. 109), 
Hr, = — 2p; H, = — 3p; irj= ~ 5ji, and so on. 

The compression in the vertical post on the ahutment will La 
increased by ^; therefore 

-H; = — lOp. 
c. ComMiied System. 

IIO'I ^' ^'^^ * ^"^^ ^°^^ ^^ '^ throngh bridge (Fig. IIO"), liiu 
tension in tbe vertical connections all the same, or 

The vertical post on the abutment has the compression, 
R.^-(n-i)p. 

For any one panel the tension and compression in the crossing 
diagonals, and also the strain in the upper or lower flange, is the 
same — i. e.. 



P,==S,= 



a^ + (:^-iy\ 



2. For a deck-bridge changes the tension + p in the vertical 
connections to compression, or — p. 

110' 1 "^^^ compression in the vertical post on the abutment 
will be increased by — p; therefore in the above skeleton, 

H,=-~5b.p 

3. For the system of right-angled triangle*, when the connecting 
110' 1 °^ cross-beams is not ou the top or bottom, but between 

both on the verticals, the calculation for the part of the 
vertical above the connection is the same as imder 1, and for the 
lower part of the vertical beneath the connection, the same as 
under 2. 

For the rest the calculation is as under 1. 
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68 THE THEORY OP STRAINS, 

II. SYSTEM OF ISOSCELES BMACING. 
(Load Permanent and Equalli) Distributed.^ 

a. iSwjffe System, (triangular truss). 

Plate 19,1 1. A loaded apex at the centre. (Fig. 111.) 

iJig. lll.J >ji]jg number of panels extended as occasion requires. 

In general, each pair of diagonals from centre to abutment in- 
creases by W- - {i. e., TFsec oc). 

112.] 2. An unloaded apex at the centre, (Fig. 112.) 

Each pair of diagonals from centre to abutment increases by 

r.|. 

When each diagonal represents one panel = b, and the number 

of panels ^= n for one-half of the truss, counting from centre to 

-1 -■ Q -1 abutment, there results the strain in flanges for an even 

114!J "> say » — 6, and a loaded apex at the centre (Fig. 113), or 

an unloaded apex at the centre (Fig. 114). 

For an uneven n, say n^7, and a loaded apex at the centre 
- , - -, (see Fig. 115) ; and for an uneven n, say n = 7, but an un- 
116!J 1o^*^s<1 ^P^^ ** *^^ centre (see Fig. 116). 

b. Combined System, (isometrical truss). 

117.] A loaded apex at the centre, and h ^ 6 (Fig. 117). 

For a full load in the a:th panel the tension in the tie-rod 

or D, = + a; , and the compression of diagonal, ZJ, = 

4 ft 

The strains for this figure (where ji = 6) will also be obtained 

by laying the figures 113 and 114 (A and B) together, making 

W W 

there — • instead of-— <and adding the strains in flanges where 

they cover each other. 

[Plates 18 and 19— embracing Figs. 108 to 117.] 
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SECTION II. 

GIRDERS CALCULATED FOR COMBINED (PERMANENT 
AND ROLLING) LOAD. 



A. GIRDERS WITH PARALLEL TOP AND BOTTOM 
FLANGES. 

1. THE RIGHT-ANGLED SYSTEM. 

For ths strain in flanges I refer to tlie precaling. It needs So' 
repetition, as the strain in flanges is the largest for a fnll (perma- 
nent) load. {Figs. 108 to 117.) 

As mentioned at tbe (jlose of Seet. I. (General Renmrks), the 
influence of a rolling load upon braces and tie-rods is very essen- 
tial, and it is greatest when a traversing train of uniform density 
reaches l!ie centre of the bridge. 

^ For explanation we choose the diagonal y, in Fig. 
■p- iio' 11^8. q is the rolling load (traversing trslN) for one 
panel ; p is the permanent load (weigiit of struiiture) ; 
so, again, is (see Figs. 81 and 94), 

= -y,.si„p-D.cc+ ('| + 3A=c+(p + 5)oo +(p.H5)^, 



- D -\- (p ^ q) + ip + q) + (^^ + A 



or I. = ~>,..sin 

(rot, r.o). 

As before, y, . sin <p h the vertical component of y,, and D is the 
reaction of abutment, or 

D, = (p + q) a + t+l+l + l + t-t-i + t). (Fig.119.) 

n. I>=(p + 7) (^ + | + | + ^-|-f + f + t). (SeeFig.89.) 

We include the value of 7),in Equation I., so that the influence 
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of each fraction of rolling load and permanent load upon D may 
be visible in its proper place- 
Ill. = ^j..sinf~(p + 5)[(i + }^--| + l + f) + ((-l) + 
(i-1) + (-!-«! 

or 0=-!,,.sinf-(y + 5)[a + -i + l + l + »-)-a-J)- 

and now, separating the members containing the pei-mnnent ]i»ad, 
P, from thoEo nontaining the rolliag load, g, and separating also 
the positive i\ni\ negative niemhers of the movable load, 

= -J,.sin,.-))[i+| + l + i + |-(l-;)-.(l-|)]; 
-S(S+i + l + » + *) + 9 [(1—1) + ('-*)]■ 
In this equation may be neglected at one time the positive part, 
and at another time the negative part, of the movable load, 5, and 
the maximum anil minimom strain for tj will be obtained, viz, ; 
I. 0^ — y,.siap — ?>(V — I — a) — ?-V (mas. compr.)- 
II. = — j/s-siii?- — jsCV— ¥~i) + 3C| + -i) (min. compi'.), 
or when the factor of q is gn'ater than the factor of p, ihcn it will 
be the maximum tension in this diagonal. 
Ill Equation III. the fraction to the right is 

190 1 therefore we introduee agisin D instead of -Dj, and find from 
" ■■' Fig. 1:^0, under the same tupjuj^-iiion of :i- ---- x ibr the ver- 
tical rod Fj, 

Q-^.lV,^~D^ + {p + q)r^. 

or - + r; ~ -O + (p + 3) + Cp + y). 

difiering from the equation for y oniy in so far as here is V instead 
<if — y sin <p. 

Exawple. — Calculation of diagonals and verticals for a comhiiied 
load: 
121.] Length of truss = 48 feet ; (Fig. 121.) 

8 jMiQels, each 6 feet = I ; 

height — 6 feet — /!; 

permanent load ^^ mm Ibn. per p.in^l r^p; 

rolling load --=: 15000 lbs. per panel ^ q. 
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The load being connected to the lower apexes, the pressure, D, 
of supports from Fig. 89 = 63000 lbs. 
122.] Fig. 122 gives the equations, 

;= — »/i . siu 45 — Z> (rot. r . o) ; 

= — !/,. 0,7 — 63000; 

!,. = -"»? = -90000. 
123.] From Fig. 123 we have 

= -j,.0,7-I> + (p + g), 
aiiii including I) combined with p + ^ on its proper plaee, 
= -j,.0,7-(p + ?) [i+} + i + t + i + J+ (i-1)], 
or = ~j,.0,7-(p + ?) [i + |+| + l + i + (-(l-i)]; 
0=~y,.0,7-;,(i + } + i + .S+{ + (-i)-,(t + i-].} + 

l + f + i)~4(-i); 



= — 1/,.0,7— p. V- 


-J-V + S-i, 


aud from tliis the two ei^uations. 




1.) = -j,.0,7-p.¥-5.V. 
15000 X V. 


or s,. 0,7 = -3000 XV 


2.) = — s,.0,7-p.V+5.t, . 
15000 X 1. 


ir J,. 0,7 = -3000 XV 


I. 5, -.= - 6G964 (ma 


X. cohipr.) : 


II. 1,, = — 8036 (mij 


r. compr.). 



124,] Fig. 124 gives 

O = -3..0,7-D + (p + 5) + (, + ,); 

= -j..O,7-(p + ,j)[i+} + i + l + -| + (.|-l) + 9-l)]; 

O = -5..0,7-(, + ,)a + }-h-S + 4 + |-(l-f)-(l-})]; 

O = -,..0,7~(p + 5)(i + } + ( + } + {- J-i); 

= -!,..0,7-p. v-?.V + ?.(; 
1.) = -j..O,7-,).V-5.V; 
2.) = -,..0,7-p.V + ,.}. 
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I. y, = — 46608; 
11. y, = + 1608. 

For further equations, sketches will not be necessary, and they 
nay be written in reduced forms. 

= ^,j..OJ~D+if + ,) + (p + ,) + (p + g); 
= -y,. 0.7 -(p + 5) (i + } + ( + !-}- J-i); 

= — y,. 0,7 -p. }-,.'," + 5. f- 

1.) = — s..0,7— y.t— 5.V; 

2.) = -!/..0.7-^.| + ,.f. 

I- );4^ + 13930; 

II. )/; = — 28930. 

l = -J,.0,7-7)+(y + 5) + (p + 9) + (y+s) + (yJ-5) + 

= -!/.. 0,7 -(p + S)(i + -|- + {-.! -(--;- I); 
(l = -S,.0.7+y.t-5.f + 5. V. 
1.) = ~7/5.0.7+i>.|— 5.§; 
2.) = -y,.0,7+j..J + ?.V- 

I. y,^ — 13930: 
II. »/, =^ + 28930. 

= -j..0,7-(i, + 5)(i + i-}-f-i-i-i); 
= -s..0,7+j>.V-5.i + 5.V- 
1.) = -s,.0,7+y.l/-S.i; 
2.) = -5,.0,7 + p.V + «. V- 
I. ys = — 1608; 

II. y, == + 46608. 

= -.s,.0,7-(p + <,)(J— }-(-l-i-{-i); 
0== — !/t- 0,7+ p. V"—g.i +-?.¥■ 
1.) = -},.0,7+p.v-?.i; 
2.) 0.--- -J,. 0,7 + p. f + ,.','. 
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I. I/, ^ + 8036 ; 
II. 3, = + 66964. 

-^ 0,7 ^ 

I. j/B = + 90000. 

In the preceding examples, as already stated, the value of ver- 
tical V can be easily obtaiced from the strain ia the diagonals ; so 
for Fj, making the character (symbol) reversed. 

7, = 4- jf, . 0,7 = 46608 X 0,7 ^ + 32625, 
and Fj = — ^, . 0,7 = - 1608 X 0,7 = — 1125 ; 

but the usual way is here preferable. 

Ffl = — 63000 ; 
and for a deck-bridge would be 

F = — 9000; 

V, = — 72000. 

125.] 0=F, — Z)(rotr.o); (Fig. 12S.) 

F, = + 63000. 
126.] = F, — i> + (i» + g) ; (Fig. 126.) 

-= F, - (p + 5) [^ + 1 + f + .|-i- 1 -f f + (I - 1)] ; 
= F,-(p-fg)[i + J + | + ... + .^-(l-^)]; 

0=F-i>.V"-g.V+3-i- 
1.) O^V,—p.^^—q.%\ orF= = -3000xV — 150O'*X V; 
2.) 0=V,^p.^-i+q.i, orF, = 3000x V + 15000Xi. 
I, F, = + 46875 (max. tension) ; 
II. F,-= + 562o. 
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127.] = F,-P + (i, + 5) + (p + 5); (Kg. 127.) 

= 7.-(p + 5)a+-i + -| + *+f+(t-l)+(}-l)}; 

o=7.-(f+9)b+}+5+}+{~(i— s)-(i~j):.- 
o=y,-pa+i+i+i+i-i~i')-ia+i+ ■■■+¥)+ 

«(H-t); 

0= ^3— p. V4-9.'s — 5-f 

1.) o=F.-y.i,' + 3.V; 

2.) 0=7.-y.V-?.{. 
I. 7s = + 32625 (mas. tension). 
II. 7j = — 1125 (max. compT.). 
0= 7. -Z)+(7> + 5) + (?+?) + ()) + ?): 

o=7.-(p + ?)i + f + } + l-}— i~i); 

0=7,— ji.f — g.V + g.l- 

1.) 0=7,— F.-|-s.¥; 

2.) 0=r,-y.t + 5.{. 

I. 7, = + 20250; 
11. 7. = — 9750. 

0=F.-D+(p + 5) + (ji + g) + (p+s) + (!> + ?): 

0=7,-(p + 9)(i+H-(-|-|-}-5-); 

0— Vi+p.i — q.-i + q.^^'. 

1.) 0=7.+y.t + s.V": 

2.) 0=7, + j,. 1-5.1. 

I. 7 = — 20250; 

II. 7, = + 9750. 

0= 7,- (]J + s)(l+} — (- } — I — 5— i); 

0=7+j).V — g.1 + 9. V; 

1.) 0=7.+p.V-?.f: 

2.) 0=7. + j,.V+?.V. 
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GHT-ANQLED SYSTEM, 



I. F,= - 


-32626; 


11. F. = + 1125. 


-Cp + 9)(i-| 


:-t-»-t- 


0= F, + y.y- 


-s-i + s-V- 


1.) o=r,+p 


.y+j.V; 


2.) 0=F,+F 


■¥-9.i. 


I. F, = - 46875 


(max.comp,.); 


L F, = — 5625. 





129.] 
130.] 



0=F,-Ci. + 5)(-|--|-|-|-|-|-i); 
Fs = — 18000 X =^ =^ — 63000. 

Plate 21,1 The results are combined in the skeleton (Fig. 128) ; 
Pig. 128. J aad the strain in flanges, fi-om the example in Sect. I,, 
D., is repeated. 

In the symmetrical skeleton (Fig. 129) the tensile strains 
n the braces are replaced by counter-braces. The verticals 
i only to tensile strain. 

In the same way th^ skeleton can easily be transformed 
to a reversed system (Pratt Truss, Fig. 132) ; but the uni- 
formity in calculation may here, also, be first shown. (Fig. ISiO.) 

y, = -D, orO = -F,~Cy + 9)(J + } + }+} + { + |- + }); 

F. = -(J) + })V=-63000. 
131.] = + J, . 0,7 — Z) i (Fig. 131.) 

..- + ff = »«oo. 

132 1 "^^^ compressive strains of the diagonals in skeleton 132 
are replaced by counter-rods. 
The verticals or posts are only exposed to compressive strain. 
For a deck-bridge, as before shown, the only difference in com- 
pression will be in the end-post, which, in Fig. 129 =: — 9000 lbs., 
and in Fig. 132 = — 72000 lbs. 

[Plates 20 and 21— embracing Figs. 118 lo 132.] 
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66 THE THEORY OF STRAINS. 

II. ISOSCELES BRACING. 
1. TEIANGULAE TEUS8. 
^ In Fig. 133, the load on the bottom ia sustained 
p- 1 Qo'J one-half hy the lower apexes, and one-half, by means 
of vertical tie-rods, by the upper apexes, distributing 
the load on the top and bottom chorda to equal parts. 
The length = 259 feet; 
the number of triangles, 27 ; 



For a more simple calculation the length of 9,25, or one-half of 
the side of the triangle, may be called 1, or unit ; then 
The side of the triangle = 2 ; 
tlie height = 1,73 ; 
the whole length of girder =: 28. 

jgj -j The load and weight being each 5 tons for every connect- 
ing point, the position of the acting forces on the girder will 
be seen' in Fig. 134. 

For the calculation of horizontal strains, a: and e, in the upper 
and lower chords, we have for the section, AMN, witli M at one 
time, and 'N at another, as the point of rotation, and the value of 

■D = 10(^ + ^+--- + fl) =135 tons. 
The value of D ^::^ 135 tons, introduced. 
135.] = 3^..1,73 + 135X7 — 10(1 + 2 + 3 + . ..-f 6); (Fig. 
135.) 
=. — 2.. 1,73 + 135 X 8 — 10 (1 + 2 + 3 + . . . + 7). 
These equations give the result, 

Xi^^ — 425 tons; 
?, = + 462 " 
In the same way for the other strains in x and z, 
= :i!,. 1,73+135x1; 
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ISOSCKLE3 BRACING. 

r; = — 78 tons. 
= — 3, . 1,73 + 135 X 2 — 10 . 1 ; 

2i = -f 150 tons. 
= x,. 1,73 + 135 X 3 — 10 (1 + 2) ; 
3^ = — -216 tons, 
= — z, . 1,73 + 135 X 4 — 10 (1 + 2 + 3) ; 

j,= + 277 tons; 

^ X,. 1,73 + 135 X 5 — 10 (1 + 2 + 3 + 4) ; 

a;j=: — 33§ tons; 

= — z,. 1,73 + 135 X 6 — 10 (1 + 2 + 3 + 4 + 5) ; 

sj = + 381 tons. 

Xi^ — 494 tons ; 
zj ^ + 520 '• 



Remarh. — For an approsiraate calculation of strain in the top 
and bottom flanges at tlie centre, when 10 X 28 =^ entire load, or' 
140 = one-half of the load, 



Calculation op Strains y and w in Diagonals, 

The angle of diagonals with a horizontal line being 60°, for the 
strain in diagonals and tie-rods we have 



I/, sin 60°. and ii. gin 60", 
J. 0,866, and u. 0,866. 
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68 THE THEORY OF STRAINS. 

136,1 So for y, and u, in Figs. 1S6 and 137, 
^^^■■^ o^y,. 0,866 — Z) + 5x6 + 5x6; 

o =; — «, . 0,8G6 — Z) + 5X7 + 5X7. 
In substitutuig the perm:inent and rolling load, 
D = d(^ + vftE + A + ... + |i) + 5(^ + ^j + A...+|^); 

and combining each -time the share of each separate load of the 
pressure, D, with those directly-produced vertical strains, as in the 
Howe truss already shown, these equations will be 

= y4.0,866-5[(^+^ + ...+|i)-(l-|i)-a-ff)- 
.■■(l-fi)]-5(3^ + ^ + ---+li) 

+ 5[ci-fi) + a-M)+---a-n)]: 

= - «, . 0,866 - 5 [(5^5 + ^ H- . . . + M) - (1 - M) - (1 - 
|i}-...(l-||)]-5C5V + ^+--- + M) 

+5[a-^)+(i-ii)+...(i-ie]; 

and omitting in these equations at one time the positive (+) mem- 
bers and at another time the negative ( — ) membcra which were 
produced by the roiling load, we have 

o=s..o,s66-5(^+A+... + a-A-A-A----!i) + 

^ (^ + i §■ + ■ ■ ■ 51") ' 

y, = + 91 tons (r.iax.); 



S..0,866-S(J, + A+. .-+*!- 


-A- 


I/. = +39 tons. 




-.,.0,8C6-6(A + A + .-.»- 

sCA + A + '-'A); 


-A 


«. = — 32 tona. 





0=-«..0,866-5(^ + ^+...||-i'.--/5----,^)- 
SCA + ^^J+'-'M); 

1(4=^—81 tons (minO- 

In the same manner as for i/i and li, the ei^viations for the other 
iliagouals are. 
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rSOMETRICAL TKUSa, 03 

= 5,. 0,866^5 (i + J, + ...}})-6y, + A+---«) I 
i/i = 4- 156 tons, and y, = + 78 tons. 

= -«,.0,8f>6-5(A + A + ---|-l-jV)-5(,V + ft+--- 
m + HM: 

% — — 72 tons, aiid m, — — 144 tons. 

0= J,. 0,866-6 (A + A + ---I{-A-A)-HA+A + 

• ■ Ts) "I" ^ yjT "H it) >■ 

jTj = -[- 133 tons, and j/j ^ -f 66 tons ; 



-«,.0,866-,5(,l, + A + 

A + -.-H) + 6(A + 


-■■.«-A-A-A 
A + A); 


w, = — 59 toDs, 


and «, = — 122 tons. 


'urtber, 

ft = + 112, 


andj,= + 53; 


«. = — 46, 


andK3 = — 101; 


J. = + 71, 


and 3/, = + 24; 


"3 = — 17, 


andMs = — 61; 


J. = + 52, 


and.;, = + 9; 


«. = — 0,8, 


and «, = ~ 42 ; 


J, = + 34, 


andy, = — 7,4; 


«, = + 16, 


and M, = ~ 25. 



For the other half of the truss the numbers are the same. 
The suspenders bear, besides 5 tons moving bad, a part of the 
permanent load ; so that, when the weight of track =^ 24,75 tons, 

there is for each rod — r— - = 0,88 tons more, or 5,88 tons. 

138.] The results of the abova calculations in skeleton 138. 
139 1 When the + and — signs in this skeleton are changed, 
it represents a truss for a deck-bridge. The suspenders in 
this case will be studs. 



. ISOMETRICAL TEUS3. 



Fig. 140. 



';] Calculation of a 143-feet span through bridge. (Fig. 
'J 140.) 
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THr: THEORY OF 8TRAIX9. 

p =^ permanent load per panel = 5,5 tons for two ribs. 
9 = rolling " " :^17,5 " " " 

Together = 23,0 tons. 

Depth of truss = 22,52 feet; 



length of panels ^13 feet. 
The weight and load of bridge acting upon the system, being 
, ,, -| 23 X 10 :^ 230 tons, makes for two ribs, but one single 
system ^^^f^ ^:= 115 tons, and it will be similar in Fig. 141. 



or D = (p + 5) CtV + t't + a + t^ + tt) = ^2,27 tons on the 
left, and D ^^= 62,73 tons on the right support. 
On account of the symmetry of the systems (one left = the 
other right), we need only to make a calculation both for diagonals 
and flanges for one system, adding for the strain in flanges the 
covering parts of the two combined diagrams. (See Fig. 146.) 

a. Calculatiom op Diagonals. 
, J, T For the diagonals we have again, as in the foregoing ex- 
amples (see Howe Truss, Fig. 118), as example for y.. 
Fig. 141, 

0^—y,.s\u(i(}°~D+(p+q)+(p + q} + (p+q)(Tot.r.o): 
= - 1/, . 0,866 - (p -h 5) [iV + i\ + (tV- 1) + (i^r ~ 1) + 

-A: -1)3. 
or = -y,.0,866-(jj + 5)[JT+A-(l-T^)-(I~T^)~ 

(i-i\)]; 

= -!,..0,866 + p.T'r-7-A + 9-H- 
1.) O = — y,.0,8m + p.-S^ — q.-^; 
2.) 0= — j'4.0,866 + p.^+?.ff. 
I. y,=: — 2,72 tons (max. compr.); 
II. y. = -j-26,6 " (max. tens.); 
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71 



and according to the theorem m Sect II., Fig. 80, the strains iu 
diagonals joining at an unloaded point are of the same numerical 
amount, but of opposite character, 

I. Ui^ -\- 2,72 tons (max. tens.) ; 
II. «,^ 4- 26,6 " (max. compr.). 

In the same way, 

= — i/,.0,S66 — D; 

.. _ 52,25 _ ^,. 



M, = + 60; 
= -y..O,866-(p + 5)[T^ + A + A + A + CA-l)]; 
0=-y,.0,866-p.if-g.H + ?-A; 

y, = — 37,4, and ^j = — 4,41 ; 

«, = + 37,4, and w, = + 4,41 ; 
= -y,.0,866-(p + 9)[JT + A + fV+(TV-l)+(A-l)]; 

5-3 ^ — 18,3, and y, = +10; 
Ha = + 18,3, and Us^= — 10; 



■j,.0,866-(y + 5)[A 


+ (A-: 


1) + (A- 


-i) + (A- 


j..0,866+p.H-,.-Jj + 5-«i 








S, = + 47,4, 


«nas.= 


+ 9,2; 






% = -47,4, 


and «5 = 


— 9,2; 






.y..0,866 — (p + 5)[(-J, 


— i) + (ft-i) + CA- 


-1) + 


-S..0,8S6-(y + 5)(— 


«-i"r- 


-T-r-A- 


-A); 





= - 

= - 

t/a = + 72,1 tons. 
142.] He results for the combined system in skeleton 142. 



11 



Remark. — For the compression in the vertical posts o, a and 
the abutments, we have 
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72 THE THEORY OP STRAINS. 

And for an approximate estimate of strain at the centre of chords, 
23 X 11 ^253 the entire weight and load of bridge; 
126,5 = one-lialf the weight and load ; 

22,52 

b. Calculation op Top and Bottom Chords (Flanges). 
143.] = x,. 22,52 + D.o (rot. r . a, Fig. 143) ; 

= — 2, . 22,52 + D . 13 (rot. / . 1, Fig. 143) ; 
52,27X13^ 
22,52 
= a, . 22,52 + D . 26 (rot. r . c. Fig. 143) ; 
_ 52,27 X 26 _ 
*' 22,52 ' ■ 

= — 2j . 22,52 + D . 39 — 23 X 13 (rot. r . 3) ; 



' 22,52 

144.] 0^a,-,.22,52 + D. 52 — 23X26 (rot. r . e. Fig. 144} ; 

_ r^ 2,27 X 52 + 23 X 26 _ „^ . 
'^"-~" 22,52 — y^-l; 

145.] = — «3 . 22,52 + -D . 65 — 23 (13 + 39) (rot. r . 5, Fig. 
145); 

52,27X65-^23X52 , ._ , 
''- 22,52 - + 97,8; 

= X, . 22,52 + D . 78 — 23 (26 + 52) (rot. r.g); 
__ 52,27 X 78 + 23x78 ^ 
'^' 22,52 ' ' 

= — ^..22,52 4-1). 91 — 23(13 + 39 + 65) (rot. r.7); 
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= ii.22,52-fZ>. 104 — 23(26 + 52 + 78) (rut. r.i); 
^. = _ 52,27X1 04 + 23 X166 _ _ gg ^ . 

= — 3, . 22,52 + i>. 117 — 23 (13 + 39 + 65 + 91) ; 

^ 5 2,27X117-23X208 ^,53^. 

^'' 22,52 ' ' 

= ^j . 22,52 + i> . 130 — 23 (26 + 52 + 78 + 104) 

52,27X130 + 23X260 „„ ^ 

^=- 2^2 —36,2; 

= — z, . 22,52 + i> . 143 — 23 (13 + 39 + 65 + 91 + 117) ; 



■tAf -I The results of strain in the top and bottom flangea by the 
addition of strain for each single system are combiued in 

Fig. 146. 

1A-7-I Poi" a deck-bridge the strains in diagonals and flanges 
result from Fig. 147. 



B. CAMBER IN TRUSSES, WITH PARAl.LEL TOP 
AND BOTTOM CHORDS. 

After the definition of the resulting strains, it is a matter of 
importance to prevent deflection, which should'be provided for in 
"laying out" the truss. 

In the suspension truss (Fig. 10) no special attention to certain 
camber is rei^uired, each pair of tie-rods with combined vertical 
post forming an independent system, regulated by tie-bolts at the 
foot of the post 

^ In other trusses the diflerence in the length of 
•p- j48'J diagonals and verticals would form arch-shaped chords, 
as demonstrated by Fig. 148'' ". 

This arrangement having some difficulties on account of the dif- 
ference in the length of braces, another and better plan is fr&. 
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74 THE THEORY Ui' BTKAIXH. 

quently adopted in making the division of panels to tlie bottom 
chord smaller than in the top chord. 

H ,Q. -, Id this case the vertical connections will lose their paral- 
lel direction and intersect at a certain point in the vertical 
centre line. (Fig- 149.) 

Approximately, this can be done by experience, though not suf- 
ficiently, in ease a..certaia camber is prescribed. 

For a correct calculation the annexed tables, shomng the length 
of arches for degrees, minutes and seconds, will be useful. (See 
Tables, p. 77, et seg.) 

Example— {TvMSs, Fig. 140.) 

Distance of the distinguished points AB ^= 143 feet ; 
depth of truss = 22,52 feet ; 
number of panels =; IJ. 
First we find the radiws in Fig. 149', according te Sect. I., Fig. B, 
The distance AB being 2 X 71,5 ^ 143 feet ; 

CD 

or C7 = —-y^ + 0,33333; 

0,33333 

Diameter CI =15336,09 + 0,33333 = 15336,423; 

ER= 1|336,423 + 2 X 22,52 = 15381,463; 

or, also, radius AM= 7668,211 feet ; 

" PJ/= 7690,731 " 

By means of the radii for a small camljer (^J^ of the length), 

in general the difference of length of the top and bottom flanges 

may be derived approximately by the difierence of the chords AB 

«i=™, „ra = ADJ-^: 
AD AM AM ' 

M = 71,5X^??5Z?L. 
7668,211 

Fd =71,709; 

■,«., f 0=143,418; 



db,Googlc 



CAMBER IN TKUS8E9. 75 

and wlien AB ^^: 143,000 subtracted, 

the difference of eiiords = 0,418 ft. = 5,016 in., 

whidi, ivlien diviii-.y! by 11 (i.e., by tie number of panels), 

5,016 .,._. 
— = 0,456 m. ; 

therefoi'e, for a camber of 4 incbes, the top flanges ought to be 
made 0,456 inches longei" than the bottom flanges ; the latter being 
13 feet, the top Bangea ought to be 13 feet and ^ incbes- 

For 4 inches camber, a truss of 100 feet length, Qh feet depth, 
and 9 panels, the top flanges ought to be 0,339 inches longer than 
the bottom flanges. 

Also, a truss with 14 panels, 93 feet depth, 5i feet in bottom 
flange?, and 5 feet 6i inches in top flanges, will have a camber of 
nearly 6 inches. 

A truss of 27 panels, 4 feet depth, 2J feet in bottom fl.angea, and 
^3 more in top flanges^, will give a camber of nearly 2 inches. 

In the preceding calculation the definition of the angle " at the 
centre, M, is avoided, otherwise, by geometrical iiile, the areh is in 
relation to the whole circle as its angle at the ccntii; is tu 360°; 



Now, when not the bottom chord, AB, but for a snuiU caniboi 
the arch ^CB is accepted to 143 feet, and the defined (li:;iiictcr of 
the preceding is retained, being In reality smaller, tlieii 





15336,423 X 3,141 


"360 


, 


360 X 143 J 




15336,423 X 3,141 




lieiefore for tl 


,«mhACB = x, 






, 


1,063 




15336,423 X 3,141 


360 




X = 142,909, 
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76 THE THEORY OF STRAINS. 

and for the arch FEG = y, 

y _UlG8_ 

15381,463 X 3,141 " 360 ' 
or y = 143,329; 

y — x^ 143,329 — 142,909 = 0,420 feet z= 5,04 inches, the difTor- 
ence in tlie arches, which, divided by 11, (i. e., hy t\\a 
number of panels), 
: 0,458 inches, the difference in tlio top ji.ikI Imttom flange.=, 



6,04 

11. 



More accurate Btill is tl;e folloiviug calculation : 

r^fi- = siu°-= '''' 0,009342. 
AM 2 7668,211 

whieii givM by lablee of naL sin., cos., etc., 

" =:= 32,117' (approx.), or a =^ 1 = 4,234' =1=4' 
The aiino.\(!d tables show 

For rihe figure 0,017453 

" 4' " 0,0011(54 

" 14" " 0^000068 

(),0I86S5 

which, \vy laultipHcation with the radius, AM-=-r, trivi 
-4 CB = 0,018685 X7G68,2il =143,2805 fcet, mA ivith the 
FM^ H, 

Arc FEQ = fl,CtS685 x 7G90,731 ^- 143,7013 Ic.'i. 
The dltr^rencc of arches, thttrefoj-e, 

143,7013 — 143,2805 = 0,4208 feet. 
'riiiu result divided by the number of panels = 11. 

"•^~„ 0,0-8 feet o,0,«i„d„,. 
11 

Tl.o 

jind 13,025 + 0,038 = 13.063 feet (the top flanges). 
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LENGTH OP ARCHES FOR DEGREES, MINUTES, ETC. 



TABLES CONTAINING THE LENGTH OF AK0iIT:3 FOR 
DEGREES, MINUTES AND SECONDS, FOR A RADli;s 
AS UNIT. 

LENGTH OP ARCHES FOR EVERY DEGREE. 



1 


0.017453 


46 


0,802852 


91 


1.588250 


136 


2,373648 


181 


3.159046 


2 


0.034907 


47 


0,820305 


92 


1.605703 


137 


2.391101 


182 


3.176499 


3 


O.O52360 


48 


0,837758 


93 


1.623156 


138 


2.408564 


183 


3.193953 


4 


0,069813 


49 


855211 


94 


1.640610 


139 


2.426008 


134 


3.211406 


5 


0.087267 


50 


0.872665 


95 


1,658063 


140 


2.443461 


185 


3.228859 


6 


0.104720 


51 


0.890118 


96 


1.675516 


141 


2.460914 


186 


3,246312 


7 


0.122173 


52 


0.907571 


97 


1.692969 


142 


2.478368 


187 


3.203766 


8 


0.139626 


53 


0.92.5U25 


98 


1.710423 


143 


2.496821 


188 


3.281219 


9 


0.157080 


54 


0.942478 


99 


1.727876 


144 


2.513274 


189 


3.298672 


10 


0.174533 


66 


0.959931 


100 




146 


2.530727 


190 


3.31612G 


11 


0.191986 


.56 


0.977384 


101 


1.762783 


148 


2.548181 


191 


3.333579 


12 


0.209440 


57 


0.994838 


102 


1.780236 


147 


2,566034 


192 


3.351032 


13 


0.226893 


58 


1.012291 


103 


1,797689 


143 


2.588087 


193 


3.308486 


14 


0.244346 


59 


1.029744 


104 


1.815142 


149 


2.600541 


194 


a38S939 


15 


0,261799 


60 


1.047198 


105 


1.832596 


160 


2.617994 


195 


3.403392 


16 


0.279263 


61 


1.064651 


106 


1.860049 


161 


2,635447 


196 


3.420845 


17 


0,290706 


62 


1,082104 


107 


1.867502 


152 


2.652901 


197 


3.438299 


18 


0.314159 


63 


1.099557 


108 


1.884956 


153 


2.670364 


198 


3.455752 


19 


0.331613 


64 


L1I7011 


109 


1.902409 


154 


2.687807 


199 


3.473205 


20 


0.349066 


66 


1.134464 


110 


1.919862 


155 


2.706260 


200 


3.490659 


21 


0,366519 


66 


1.151917 


111 


1.937316 


156 


2.722714 


201 


8.508112 


22 


0.38S972 


67 


1.169371 


112 


1.954769 


157 


2.740107 




3.525605 


23 


0.401426 


68 


1.186824 


113 


1,972222 


158 


2.757620 


203 


3.543018 


24 


0-418879 


69 


1.204277 


114 


1 989675 


159 


2775074 


204 


3 560472 


25 


0.436332 


70 


1.221731 


115 


2007129 


100 


2792527 


205 


3577920 


26 


0.453786 


71 


1.239184 


116 


2024582 


161 


2 809930 


206 


3 596378 


27 


0.471239 


72 


1.256637 


117 


2.0420^5 


169 


2 827433 


207 


3612832 




0.488692 


73 


1.274090 


118 


20194^5 


IM 


-<44ss" 


208 


630285 


29 


0.506146 


74 


1.291-544 


119 


■"o _oo 


3o4 "38 


30 


0.523599 


75 


1.308997 


120 
1 1 


210 

-1 n 


"(6^191 
3 6'* 643 


31 


0.541052 


76 


1.326450 


32 


0.558505 


77 


1.343904 


122 


1 i:' 7000<lSl 


S3 


0.575959 


78 


1.361357 


U" 


214 


1 9 1 " 13 


8 7175ol 


34 


0.593412 


79 


1.37S810 


124 


2 164208 


169 


2949606 


214 


3 736006 


35 


0.610865 


80 


1,396263 


120 


2 181662 


170 


2967060 


215 


3 752458 


36 


0.628319 


81 


1.413717 


126 


2 199115 


171 


2 084513 


216 


3.769911 


37 


0.646772 


82 


1.431170 


127 


2.216568 


172 


3.001986 


217 


3.787364 


38 


0.663225 


83 


1.448623 


128 


2,234021 


173 


3.019420 


218 


3.804318 


89 


0.680678 


84 


1.466077 


129 


2.251475 


174 


3.038673 


219 


3.822271 


40 


0.698182 


8.5 


1.483630 


180 
131 


2.268928 
2.286381 


176 


a054326 


220 3.839724 


41 


0.715,585 


86 


l'506983 


176 


a07I780 


22li 3.3-57173 


42 


0.733038 


87 


1.518436 


132 


2.303835 


177 


3.089233 


222 3.874631 


43 


0.750492 


88 


1.585890 


133 


2.321233 


178 


3.106686 


223; 3.892084 


44 


0.767945 


89 


1.553343 


1S4 


2.S38741 


179 


3.124189 


224! 3.9U9533 


45 


0.735398 


§0 


1.570796 


185 


2.356195 


180 


3.141592 


226; 3.926981 
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LENGTH OF 


iiKCHES FOR EVERY 


BEGllBE. 


(Co) 


tinued.) 


2^ 


3944M4 


tl 


4 555309 


296 


5.166176 


331 


5.777040 




3 961897 


26 


4 572''63 


297 




332 


5.794493 


228 


a 9 93 1 


26 


4 59 216 


2ftS 


5!2010ai 


333 


6.811946 




3 996804 


264 


4.607669 


299 


5.218535 


331 


5.829400 


230 


4014257 


"65 


4.625123 


300 


6.2359S8 


335 


6.846353 


231 


4 031711 


266 


4642570 


301 


5.253441 


336 


6.864306 


233 


4 049164 


267 


4 660029 


302 


5.270894 


337 


5.881760 


233 


4 066bl7 


•m 


4677483 


303 


5.2S8348 




5.899213 


234 


4 084070 


^S 


4 694936 


304 


5.305801 




5.916666 


235 


4 101524 


270 


4712J89 


305 


5.323254 


340 


5.934120 


"36 


4.118J77 


"71 


4 29842 


306 


5.34070S 


341 


5,951573 


23 


4131)4 




4.747296 


307 


5.358161 


342 


5.969026 




4.163gb4 


23 


4764749 


308 


5.375614 


343 


5.9S6479 


239 


4 171337 


274 


4 782202 


309 


5.393067 


344 


6.003S33 


240 


4188 90 


276 


4.79965S 


310 


5.410621 


345 


6.021386 


41 


4206244 


276 


4 817 1 09 


311 


6.427974 


346 


6.038839 


242 




JH7 


48341)62 


312 


5.445427 


347 


6.056293 


24 


4 ''41130 


278 


4.8o2015 


313 


6.462881 


318 


0.073746 


44 


4 258603 


279 


4.869469 


3'4 


5 480334 


349 


6.091200 


"45 


4rS057 


2S0 


48S6922 


3Ij 


5 49 S7 


350 


6.108652 


240 


4 93510 


281 


4.9043-0 


316 


o -iUHO 


351 


6.126106 


247 


431096 


"b2 


4 9218 '9 


317 


5 3^94 


3S2 


6.143559 




4326417 






318 


JO 0147 


353 


6.161012 


"■i9 


43458 


a4 


4 95b735 


319 


5o6-600 


3o4 


6.178466 


2. 

1 


4.3b %2S 
4 




4 974188 


»20 


5 SHoOoi 


S5.J 


6.195919 


~ (T 


4991642 


321 


5 602O07 


356 


6.313372 








5 009095 


322 


5619960 


357 


6.230825 








5 026^48 


323 


5637414 


858 


6.248279 








6 044002 


324 


6 654367 


359 


6.265732 








6 l466 


325 


6 67^320 


360 


6,283185 


326 


5 689773 














327 


5"0 227 














S2a 


5724680 














329 


5 74 133 














33 J 


5Ji37 









LEKGl 


H OF 


AIIHES 


tOE 


EVERY MINUTE 




1 


0.000291 


16 


0.004654 


31 


0.009018 


4R 


0,f)I338i 


2 


0,000582 


17 


0.004945 


32 


0.00330H 




0.013i;T2 








0.005230 




0.0095!;'9 




0.0131163 






19 


0.005527 










5 


0.001454 


20 


0.005818 


35 


0.010181 


50 
51 


_0.0!4544 


« 


0.001745 


21 


0.006109 


36 


0,010472 






22 


0.006400 


37 


0.010763 


63 


0.01512li 


8 


0.003337 




0,006690 


38 


0.011054 




001.5417 




0.002G18 


■24 


0.006981 


39 


0.011345 


54 


O.O15708 


10 


0.002909 


25 


0.007272 


40 


0.01 i 636 


55 


0.01.5999 


11 


0.003200 


26 


0.007563 












0.003491 


27 


0.007B64 


42 


0.012217 


67 


0.016381 




0.003782 


3S 


0.008] 46 


43 


O.O1250S 


58 


0.016872 




O.OMOjy 


20 


(i,0il)i.fS6 


44 


0,012799 


6!) 


0.017162 




it.ttimm 


M 


0.008727 


45 


0.013090 


W 


0.017*Vi 
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[ OF AKCIIEa toil ICVEIIY SKCO 



LEXGTH OF AECHE3 FOB F-VKRY SEa>XD. 









0.000078 




O.O00J5O 


46 


0.000223 


3 


0.0O0O1O 


17 


0.000082 


32 


0.000155 


47 


0,000238 




0.000015 


IS 


0.000087 


33 


0.000160 




0.0OU233 


4 


0.000020 


10 


O.O0O092 


34 


0.000365 


49 


0.000333 


6 


O.O00O24 


20 


o.ooooer 


35 


0.000170 


50 
51 


O.0O0242 
" 0.00(^247 


6 


0.OO003O 


21 


0.000102 


afi 


0.000175 






22 


0.000107 


B7 


0.000179 


52 


0.0002*2 






23 


0.000112 




0.000184 




0.0i;0257 


9 


0.000044 


24 


O.0O011S 


3» 


O.0O0189 


54 


0.000262 


10 


0.000049 


25 


0.000121 


40 


O.OO0I94 


55 


0,000307 




0.000053 


26 


0.000126 


41 


0.000199 


5K 


0.000272 


12 


O.0O0058 


27 


O.000I31 


42 


0.000204 


57 


0.000276 


13 


0.000068 


28 


0.000136 


4X 


0.000309 


fix 


0.000281 


14 




29 


0.000141 


44 


O.00O213 


59 


0.000280 


15 


0.000073 


30 


0.000145 


45 


0.000318 


60 


o.oooaHi 



Mode of Application. — When the angle, a, at the centre, M, of a 
pnrt of a circle is known, then the radius must be multiplied with 
the sum of the figures attached to those degrees, miiiutea and 
in the tables, aud the length of the arcb will be obtained. 

For example, we want to know the length of an arch for 
97° 53' 49", when the radius of the circle is 12 feet. (FJg. 



] 49^] 
I49».) 



For ft radius as unit, the arch for 97° = 1.692969 
" 53' ^0.015417 
" 49" = Q.0Q0238 
1-708624 
This, multiplied by the radiu.s, 12, gives 20.503488 feet, tlie 
length of the arch ABC, and when multiplied by the radius, 16, 
the length of arch = 27.337984. 

Reversed, when the length of an arch = 98.765432 feet, and 

the radius of the circle = 20 feet, then for the angle at centre, M, 

98.765432 



In the table where a 



20 



= 4.938272 



arch = 282" =JJ21829 

Remainder, 0.016443 

= 56' = 0.016290 

Remainder, 0.000153 

= 31" = 0.00015 

Balance, 0.000003 

therefore the angle = 282° 66' 31". 

[Piste* 22, 23 and 24— embracing Fig". 133 to 149,] 
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80 TilE THEORY OP STIiAISS. 

C. PARABOLIC GIEDEB OF 48 FEET, OR 16 

aiETEIi, SPAN. 

{With Single Dia^wmt Santera.) 

Weight of gii-der = 500 kilograraa per meter, or 1000 kilograms 

on eacii .ipex. 

Plate 25,] Kolling bad = 2500 kilograms per meter, or 5000 
Fig. 150J kilograms on each apex, (Fig, 150.) 



161.] 



The folIowiDg skeleton (Fig. 151) siiowrj tiie iJUtrikitio 



of weight and load ; 
For the reactive force, D, of abiitmenta, we have 

D = 1000a + | + f + i+| + i + J) + 5000(i+|+f + f + 

152.] For the etraiu in x, (Fig. 152) is 

= .i:, . -t + i> . 2 (rot. r.C'j; 
and when tho value of D is substituteil, 
= i,.}+1000(i + }+| + 4 + { + l + i)2 + 5UOO(i + | + 

i + i + t + t + B-2; 

x,:^~ 48000 kil. ; 
and for Sj from the same figure, 

^ — si . 0,8 + Z) . 2 (rot. r . B) ; 
= -!,. 0,8 + 1000 « + -} + ... + }). 2 + 6000(5- + } + ...+ 

i).2; 

z, = + 52500 kil. 

153 1 ^^'^ ^ ""^ '^''^ ^^ ^^^ point of rotation tSie interseotloii 
J? of X, and :„ and it is 

= — Fi.2,8 — Z>.0,8; (Fig. 15a.) 

= -K,.2,8-1000(J + } + t + . .. + {). 0,8 
-600O(.i+}+i + . .. + }). 0,8; 
7, = — 6000 kil. ; 
154.] For X, (rot. r . B, Fig. 154) is 

= «,.1,5 + Z).4 — 1000x2 — 6000X2, 
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PAEABOLIC OIKDEG OF 48 FEET SPAN. SI 

or 0.--=ar,.l,5+ 1000 (J- + -^ + ■ - • J) -4 + 5000 (i + I + 
. . .f ) . 4 — 1000 X 2 — 5000 X 2 ; 

and now, according to the rule formerly given, 

0-:«..l,5 + 1000[(i + H-..4)-4+ax4-2)]; 

+ 5U00[a + f + ...f).4 + (|X4-2)]; 

a;, = — 48000 kil. 

154.] Fory, Crot.)-.i?, Fig. 154)is 

= y,.l,68 — 1000a+-| + ...|.).0,8 — 5000 Q + | + 

. . . ^) . 0,8 + 1000 X 2,8 + 5000 X 2,8 ; 

0=-y,.l,68-1000[(i + | + ...|).0,8-{2,8-f X0,8)] 

— 5000 (i + 1 + . . . f) . 0,8 + 5000 (2,8 — ■} X 0,8) ; 

and omitting from the movable load at one time the members witJi 
the symbol -|-, and at another time with the symbol — , 

= ;/,. 1,68 — 1000 [(i -h I + . . I) . 0,8 — (2,8 — f X 0,8)] 
-5000(^+1 + ... I). 0,8, 
or y2 = + 6250 kil., 

and = y,. 1,68 — 1000 [(i + 1 + • ■ - 1) ■ 0,8 — (2,8 — -J X 0,8)] 

+ 5000 (2,8 — iX 0,8) ; 

y, = — 6250 kil. 

In omitting no member of the first equation, jj will =; 0, as per 
example for a full load. (See remarks on Parabolic Girders and 
the Arched Truss.) 

For Sj (rot. r . B) and the members in the prescribed form directly 
arranged, will be from Fig. 154. 

= t,. 0,835 4- 1000 (^ + t+-.-+l)2 + 5000 (J + 1 + . . . J) 2 ; 

J, = + .50300 kil. 
155.] For V, (rot. r. S) we find from Fig. 155, 

= -r,.8-1000[(i + ^ +..4).4-(6-^X4)] 
-6000(i + |+...f) + 5000 (6-1X4); 
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82 THE THEOKY OF STilAINS. 

o = — F,.8 — iooo[(i + i + ...J)' "i-ce-fx 4)] — 

6000 (} + } + ...(). 4; 

F, = "7560kil., 
and = — K,.8 — 1000[(i + } + ...().4-(6 — ix4)] + 
6000(6 — JX4)i 

F, = +660kil. 

In the same way we find for the remaining, 

= «.. 1,875 + 1000 [ft +}+... I) . 6 + (I- X 6 - 2) + a X 

6-4)] 

+ 5000 Ki + { + ...(). 6 + ({X 6-2)+ (}x6-4)]i 

r,^- 48000 ]:il.; 

= s, . 5,47 — 1000 [(i +}+... -I) . 4 — (8 — ( X 4) — (6 — 
iX4)] 

— 6000(-S + }+...f-).4 + 5000(8— fX4) + 5000(6 — iX4); 

y,= + 68501iil., 
and j/j = — 6850 " 

= — z.. 1,474 + 1000 [(!+... f). 4 + (}x 4 — 2)] 
+ 6000 [(i + ...}). 4 + (1x4-2):; 
0, = + 48900 liil; 
= — 7, . 30 — 1000 [a+ ■ ■ • I) ■ 24 - (28 - } x 24) - (26 - 
i X 24)] 

— 5000(i + ... I). 24 + 6000 (28— f X 24) + 5000(26— ix 

24); 

F = +1500]£il., 

and Fs — — 8500 " 

= »,.2 + 1000[(i + ...f).8 + ((X8-2)+(5XS-4) + 

ax 8-6)] 
+ 6000 [ft +...t) ■ 8 + ({ X 8 -2) + 1 X 8 - 4) + (} X 
■8-6)]; 

y. = — 48000 kil. ; 

= y.. 21,2-1000 [(i + ...|). 24- (30- tx 24)- (28- 
JX24)-(26-iX24)] 
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i'ARABOLiC GlRUEi: OF 4S FKET SPAN. 83 

- 5000 (i + ...}). 24 + 6000 [(30— {X24) + (28 — {X 24) + 
{28-J-X24)]; 

y, ^^ + 7080 kil.. 



= - z. . 1,873 + 1 000 ra + . . . ■}) . 6 + (1 X 6 - 2) + (i X 
6-4)] 

+ 5000 [(-! + . . . 5) . 6 + (f X 6 - 2) + ({ X 6 - 4)] ; 

J, ^ + 48100 kil. 

The equatious row following are for the section of figure re- 
garded to the right of the cut ai. 

0^-F..32 + 1000 [(i + i+ I) 24- (32-1x24)- (30- 
■I X 24)- (28 — f X 24)- (26-J X 24)] 

+ 5000(J + J + B24-5000[(32-1X24)+(30-{X24) + 
(28-fx 24) + (26-1x24)]: 

F. = + 1800 kil., 

and F. = — 8800 " 

= -»,.1,S75-1000 [(i+.-.|)6+ (S X 6-2) + (iX 
6-4)] 

- 5000 [(i + ...«) 6 + ({ X 6 - 2) + (J X 6 - 4)] ; 

2;::^=- 48000 ki!.; 

= 1/6. 21,88 + 1000 [(^+..4) 24 — (30 — f X 24)— (28 — 
} X 24) - 26 - } X 24)] 

+ 6000(|+...|)24 — 5000[(30 — |X24) + (2S— gX 24) + 
(26--i-x24)]; 

ys = + 6850 kil., 
and 1/5 = — 6850 " 

(1 =!,. 1,996- 1000 [(i + ...J)8 + (}x 8-2) + (.}x 8-4) + 

(i X S - 6,] 
- 5000 [(i + ...!) 8+ (4x8-2)+ ({X 8- 4) + (}x 

8 — 6)] ; 

,,= + 48100 HI. i 
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84 THE THEORY OF K'DiAlXS. 

= - F,. 10 + 1000 Ki + •..})*- (10 -4 X 4)- (8-1 X 

ij-ts-ix-i)] 

+ 5000 [(!+... 4) 4 -6000[(10-(X 4) + (S- -(X4) + 
6-iX4)]i 

V, = + 1500 kil, 
and F,-- — 8500 " 

0=~j:..l,5 — 1000[(J+...|).4 + Cix4 — 2)]-5000[(i + 
...!4 + (}X4-2)]i 

^■-s -= — 48000 kil. ; 
= J, . 6 + 1000 KS- + . . . f) 4 — (8 — S X 4) — (G — J X 4)] 
+ 6000(1 f...j) 4 — 5000[(8 — |X4)+ (0—1X4)]; 
^6 = + 6250 ki]., 
anil ^6 = - 6i;50 " 

= !,. 1,84- 1000 [(i+... 6 + (iX 6-2) + (1x6-4)] 

-5(l00[(-J+...f)6 + (|X6-2) + (}x6-4)]; 

Se= + 48900 kil.; 

0=— r,. 4,8 + 1000 [(J + ...()0,8 — (4.8 — 1X0,8) — (2,S — 

J X 0,8)] 
+ 5000 (J + ...{) 0,8 — 6000 [(4,8 — } X 0,8) + (2,8 — -J X 
0,8)]; 

Fa = + 660 kil., 

and K = — 7660 " 

= — J^. 0,875 — 1000(1 + ...1)2 — 5000(1 + ... I) 2; 

;e, = — 4800O kil ; 

= 1/, . 1,92 + 1000 [(i + . . . 1) 0,8 — (2,8 — 1 X 0,8)] 

+ 5000 (1 + ... 1) 0,8 — .5000 (2,8 — I X 0,8) ; 

y, = + 5470 kil., 

and !/, = — 5470 " 

O = e,.l,43-1000[(l+...S)4+(1.4-2)]-600O[(i + 
...})4 + (}X4-2)]; 

2t = + 50300 kil. ; 
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PARA0O[,IC GIRDER OF 48 FEKT SPAN. 8.5 

= — F, . 2 — 1000 . 2 — 5000 . 2 ; 
F, ^ — 6000 kil. ; 
— ^s . 0,876 — 1000 (i + . . . ^) 2 — 5000 ^ + . . . ^) 2 ; 

x^ = — 48000 kil. ; 

= 28.0,8 — 1000Ci + ...B2 — 5000a + ...|)2; 

ea = + 52500 kil. 

In the skeleton (Pig. 156) will be found the combioed 
.results. 

Comparing the equations with the skeleton, we find the most 
jgy 1 strain in a certain diagonal, say y,, iu the third panel, when 
all the apexes to the right are loaded, and the most com- 
pre^ion when all the apexes to tbe left are loaded. (Fig. 157.) 
168 1 ^" '■^^ same panel, when the diagonal is reversed or re- 
placed by ye, the strain will be like ye- (Fig. 158.) 
When both diagonals, y, and y^, in panel 3, are existing and 
constructed like tie-rods, then each one separately will only be 
, Rjj -| strained by a load producing tension. Meanwhile the 
other is inactive, and in this case only the positive btrains 
of y corae into consideratJon. So for y, and y^ in panel 3 (Fig. 1 59), 
PI ')(i 1 ^^^ '"^ ^''^ same manner with the other diagonals, as in 
Fig**160 J ^^^ skeleton. (Fig. 160.) 

For the verticals only the greatest negative (— ) 
strains come into consideration. Because the diagonals have tensile 
strain, there can be compression only in the verticals. 

In a coBstruetion with vertical tie-rods and diagonal braces, for 
the braces only the greatest negative (— ) strains, and for the ver- 
ticals the positive (+) strains, come into consideration. The only 
compression in the verticals results from the direct load, varying 
between 1000 kil. and 1000 + 5000 kil., and is, therefore, the 
maximum compression in the verticals, 

F= — 6000 kil. 

In this case the inability of diagonals for tensile strain is to be 

represented by double lines. Also for a girder with single 

^^1> 1 diagonal, but symmetrical system, the compression of the 

^^„' vertical at the centre will be only — 6000; the other strains 

all resulting from the first calcnJation. 
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86 THE THEORY OF STRAINS. 

Here may follow a combination of different cases in Figs. 161, 
162 and 163. 

When in tlie first skeleton (Fig. 156) the symhols + and — are 

reversed, it represents tlie strains for a parabolic girder, 

iS* with the horizontal flange on helow ; and the variationa 

- 1^ of this ease can be made in the sa 

■' (See Figs. 164 to 168.) 



—Two peculiarities we observe by the calculation of 
parabolic girders. First, the strength in the horizontal chords or 
flanges is the largest with a full load, and is the same all over. 
Second, the strain in each diagonal is with a full load = 0. 

This last fact presents itself from the first theorem, for a; = a^ in 
,gQ -, Fig. 169 ia only possible when y^ 0, otherwise the hori- 
zontal component of y would enlarge or diminish x or x,, and 
this will be true also in case the width of panels should be different, 
when only the apexes are in a parabolic curve. This shows the 
necessity for the application of the rule to calculate the n 
and minimum strain as prescribed in the example. 



[Plates 25 and 26— embracing Figs. 150 to 169.] 



D. TITE ARCHED TRUSS. 

Plate 27,1 The following calculations are for the roof of the 
Fig. 170.J Central Depot at Birmingham : 

Girder, 208 feet in length. (Fig. 170.) 

13 panel-i, each 16 feet in horizontal length, and 24 feet in depth. 

The distances of top intersections to the distances of bottom 
intersections from the horizontal line are as 40 to 16, or ^: 21 to 1. 

The distance of main rafters = 24 feet; weight and pressure of 
snow and wind = 40 lbs. per square foot of horizontal projection. 

208 X 24 X 40 ==^ 199680 lbs. (the weight of load), 
or for each pane! =^ 

— ^^i*^ = 15360 lbs., or 7,5 tons. 
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The weight of structure = 1,5 tons for each panel. 
The pressure, D, on the abutment, will be 

D.-Cl,5 + 7,5)(J^ + ^ + A+...+ H + ^) = 9Xil = 
54 tons. 

-.-, 1 Therefore, per example for «., in Fig. 171, when the 
length of 16 feet is taken as unit, or^ 1, 

= 0;.. 1,205 + 54 X 4 — (7,5 + 1,5) (1 + 2 + S) (rot. round M) : 

x^^ — 134,4 tons; 
and for sj, 

= — j..l,055 + 54X 3 — (7,5 + 1,5) (1 + 2) (rot.r.^); 
s. = + 1'28,0 tons. 

In the same manner, 
= :;:. . 0,347 + 54 X 1, or a;. = — 155,6 t. 

== — 2, . 0,41 + 54 X 1, or s, == + 131,7 t 

= a:, . 0,672 + 54 X 2 — 9 X 1. orx,^ — 147.3 t 

= — a, . 0,415 + 54 X 1, or 3, = + 130,2' t. 

(i = x,. 0,963 + 54 X 3 — 9 . (1 + 2) otx, = — 140,2 t. 

= — S3 . 0,767 + 54 X 2 — 9 X 1, or a^ =3 + 129,1 1. 

= a:, . 1,382 + 54 X 5 — 9 (1 + 2 + 3 + 4), or % = — 130,2 t. 
0^—z,. 1,272 + 54 X 4 — 9 (1 + 2 + 3) or ^, ^ + 127,3 t 
0-=^. 1,481 + 54x6— 9(1+2 + 3 + 4 + 5), or a^ -= — 127,6 t. 
^ — !6 ■ 1,419 + 54 X 5 — 9 (1 + 2 + 3 + 4), or s^ ^ + 126,9 t. 

0^3:,. 1,491 + 54X7 — 9(1 + 2 + 3 + 4 + 

5 + 6), or 3:, = — 126,7 1 

= - s, . 1,491 + 54x6 — 9(1 + 2 + 3 + 

4 + 5), or 3, = + 126,7 t. 

= 3:s.l,41+64x8— 9(l + 2+...7), or :bb = — 127,6 t. 

= — ze. 1,489 + 54X7— 9(1 + 2+... 6), or 3^ = + 126,9 t 

Q = x,. 1,244 + 54 X 9 — 9 (1 + 2 + ... 8), or ar, = — 130,2 t. 

0-= — ^,. 1,414 + 54X8 — 9(1 +2+... 7), or z, = + 127,3 1 
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= 3io.l,004H- 54x10 — 9 (1 + 2 + ...9), or at,,-. — 134,4 1, 

= — S„.1,265 + 54X9 — 9(l + 2+...8), or z,, = + 128,0 t. 

= x„. 0,706 + 54X11 — 9(l + 24-..- 10), or a:,, = — 140,2 t. 

= — 8„. 1,046 + 54x10 — 9(1 + 2 + . -.9), or ^„= + 129,1 fc. 

= %,. 0,367 + 54x12 — 9 (1 + 2 + ...11), or:c,, = — 147,3 t. 

= — 8,5.0,76 + 54x11— 9 +2+... 10), or :,s = + 130,2 t. 

0=3;,,. 0,347 + 54 X 12—9 (1 + 2 + . . . 11), or:r,3= — 155,6 t. 

= — Zis. 0,41 + 54x12— 9(1 + 2 + . ..11), or2,,== + 131,7 t. 

Eemark — The results noted iu Fig. 176 show that the greatest 
fitrains in the symmctneal sections of flanges are the same, though 
the diagonals of one half of the girdei are ie%er-ed to the others, 
and it follows that tor the definition ci «tram in flanges it will be 
the same if we take the point foi rotation in the right or left apex. 

This is only possible when the stiain ra the diagonal = 0, and 
therefore shows us th^t by i full load, as in parabolic girders, no 
strain in diagonals exi'^ta Nevertheless, a pirtul load (from snow 
or wind or removing of sheeting) being uift\ oidible, the diagonal 
connections are a necessity 



172.] 



Calculation of Steain y in the Diagonals. 

For y, (see Fig. 172), when the point of rotation, 0, in the 
interaeetion of Sf and a, and the length OA, found by con- 
struction =^ 32 feet, or, for easier calculation, 16 feet = unit (1) ; 
therefore OA = 2, and the lever for ijt = PO ^ 4,68. 
0=^y,.4,68 — D.2 + 1,5 [(3 + 2) + (2 + 2) + (1 + :r.] 4- 

7,5 [(3 + 2) + (2 + 2) + (1 + 2)], 
and i>=l,5(^V + A + ---H) + 7,5(^ + ^ + ...-H;, 
substituted with its members of permanent and variable load on 
their respective places, 

= y,.4,68-1.5[(-^ + 3^ + ...x\)2-(8 + 2 + l}(l + 3%)] 
-7,5^ + A + --.-ft) + 7,5(3 + 2 + 1) (1+A-). 
The solution of this equation shows the member for a permanent 
load ^ 0, and therefore our expiation in its more simple form — 
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or, according to the rule formerly given, 

I. = -,,. 4,68-7,0 (A + A+...A)2; 

11. = -},. 4,68 + 7,5 (3 + 2+1) (l+A), 

or yt ~— -|- 11,1 tons, aiid y,^ — 11,1 tuns. 

In the same way for tlie other diagonals and the length of lever 
from construction, 

= y,. 0,92-7,5 (-iV + ^ + ...H). 0-2 + 7,5(1 + "^!); 
yi^ -\- 8,H, a.ndy3=^-~8,S tons; 

-^,. 2,52-7,5 (jV+-- -11)0,75 + 7,5 (2 + 1) (1+-Vsi-); 

jj = + 9,5, and y,^ — 9,5 tons ; 
= ^,. 8,3-7,5 (-iV + ... 3^) 5 + 7,5(4 + 3 + 2 + 1) (l+-^,)i 

!/s^=+ 12,6, and 1/^ = — 12,6 tons; 
0=y„._17,6-7,5(-iV+.-A)15+7,5(6 + 4 + 3 + 2 + l)(l+iJ); 

J/, = + 13,8, and y^ = — 13,8 tons. 

The point of rotation, 0, is for the diagonal of the middle panel 
in infinite distance, (See girders with horizontal top and bottom 
flanges.) 

The sinus of the angle formed by y, and a horizontal line = 
0,831, leading to the equation in its most simple form (as before 
explained in examples for girders with horizontal top and bottom 
flanges). 

= y,. 0,831 -7,5 (^ + . ..W) + 7,5(6 + . ..1)tV; 
y, = + 14,6, and »/, — — 14,6 tons. 

For the equations now following, the point of rotation will be on 
the opposite side ; therefore the symbols of moments are reversed. 

= -!,.. 16,1 + 7,5(A+...-,',) 28-7,6 (7 +...+ l)(«-l); 

yi = + 15,0, aed 1/s — — 15,0 tons ; 
= -,,. 7,1 + 7,5 (A + ... A) 18-7,5 (8 + ... + l)(fJ-l)} 

ys^ + 14,6, andy, = — 14,6 tons; 
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-y,o.3,68 + 7,5(,V + ^+A) 15-7,5(9+... 1)(H-1); 

j/i(,=;-i-14,l, aiidyio^= — 14,1 tons; 
-2/„.l,82+7,5(^ + T^). 13,75-7,5 (10+... 1)(L^-1); 

y,, = + 13,0, ami y,, = — 13,0 tons ; 
— y,,. 0,65 + 7,5X^X13.2 — 7,5(11 + ...l)(-i^—l); 

jij ^ + 11,6, and y,i = — 11,6 tons. 

Calculation op Strain in the Verticals V. 



For Vi, when the point of rotation in the intersection of 
>:, au 
-Fig. 173), 



~ «„A -|^ wliich by construction = 0,1 to the right of A 



= — F,.0,9 + -D.0,l, 
,r 0=.-F,. 0,9 + 1,5 (3V + A+...H)0,1 +7,5(^ + ^=5 + ... 
if) 0,1; 

V, = -\-G tons. 

-_. -, For Vi, the point of rotation in the intersection of x, and 
■-' zj = 0,06 to the right of A. (Fig. 174.) 

= —F,.l,94 + -0. 0,06 + 1,5X0,94 + 7,5X0,94; 
= -F,.l,94+l,5[:(i*5+...ii)0,06 + (l--5t^)] 
+ 7,5 (^ + ...H-) 0-06+ 7,5(1 -^S; 
F, ^ + 6 tons. ■ 
- ,-j. -. For the equations now following, the point of rotation, 0, 
will appear to the leit of ^ ;^ 0,214 for the intersection of 
xj and E„ and for Fa (Fig. 175) we have 

= - Fs . 3,214 - 1,5 [(Jj + . . . II) 0,214 - (2 + 1) (1 + t^ffi)] 
- 7,5 (tV + - ■ ■ M) 0,214 + 7,5 (2 + 1) (1 + *t^) ; 

and omitting at one time the positive and at another time the nega- 
tive members of the movable load, we find 

F3(max.)= + 8,1 tons 

F,fmin.)=-l,l " 
and Fi = + 6 tons when no member is omitted, which will be the 
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same for the other verticals, or F, = Fs ^= Fe - . . ^ 6 tons ; i. e., for 
a full load of the truss. 
In the same way 

O = -F,.4,91~l,ii[(A + ...T'!)0.!«-(3 + 2 + l)a + ^j¥-)] 

- 7,5 (f, + . , . A) 0,91 + 7,6 (3 + 2 + 1) (1 + -"ftL) ; 

F. (max.) = + 10,8 i 

F.Cnim.) =-3,8; 

= -F..7,5-l,5:(J, + ...A)2,5~(4 + ...l)a + H): 

-7,6(A+...A)2,5 + 7,6(4 + ...l){l + H): 

F5= + 12,9; 

F5 = — 5,9; 

= -F.. 12,6-1,5 [(A + ... A) 6,6-(5 + ...l)(l + VI)] 

-7,5CA+---A)6.6 + 7,6(5 + ...l)(l + K); 

Fa = + 14,5; 

F. = — 7,5; 

= -F,.31,5--l,6KA+...A)24,6-(6 + ...l)(l+J,««] 

-7,5(A+...A)24,6 + 7,5(6 + ...l)(l+^A^); 

F, = + 1.5,4; 

F, = — 8,1. 

In the equations now following, the point of rotation ou the op- 
posite side gives, 

= F..60 + l,5[CA + ...A)68-(7 + ..-1)(H-l)] 

+ 7,6 (A + ... A) 68-7,5 (7 + ...l)(H-l); 

V.= + 15,8 ; 

F = — 8,8 ; 

0=F..13,6 + l,6[(A + ..-A)22,5-(8 + ...l)CJftt_i)] 

+ 7,6 (A + ... A) 2,26-7,5 (8 + .. .l)(JfiA-l); 

F, = + 15,6; 

F. = — 8,6; 
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= r,. . 6,43 + 1,5 [(A + A + A) 16,<3 - (9 + 1) (4^ - 1)] 

+ 7.5 (A + A + A) 18,43-7,6 (9 + .. .1) (1+^-1); 

I',. = + 14,8; 

F,. = — 7,8; 

0=r„.3,3 + l,5[(A+A)W,3-C10 + ...l)J#-l)] 

+ 7,5(A + A)".3-7,5(10 + ...l)(JA'--l)i 

7„ = + 13.5; 

F„ = -6,5; 

= F„. 1,38.5 + 1,5 [A X 13,386 — (11 + ... 1) (J->Jj«i — 1)] 

+ 7,5X AX 13,385 — 7,5 (11 + ...1) (^^^ — V); 

F„ = +ll,6; 

Ki2 ^= — 4,6 tons. 

The strains, V, in tlie verticals have been calculated under the 

eup[K>sitiun that the whole permanent loud (weight of structure) is 



charged lo the upper apexes. In reality, such is not 


true; 


and iu 


cousideratiun that about one-third of this load sho 


old be 


trans- 


mitted U) the lower apexes, we increase the 


strains ii 


1 verticals (in 


this case tie-rods) for 0,5 


tons each, which changes the above 


results 


to the following: 










r, (max. 


) = + 6,6 tons; 








F,(max.: 


) = + e,5 " 








J. f(max.: 
\(min.) 


= "- 0,6 1 • 


^ + 6,5; 






y j (max.; 
'•((min.) 


i=+".nF.= 

= —3,3/ 


= + 6,6; 






,, ((max.; 
1 (min.) 


i-= +13,41 „_ 
= - 5,4 T' 


= + 6,5; 






Ht^ 


) = + 16,01 „ 
= - 7,0 1 ■ 


= + 6,5; 






'^{S 


l= + 15,91 .,_ 
= - 7,9/ ' 


= + 6,5; 






( (max.: 
I (min.) 


l = +16,3 1„ 
= - 8,3/ ' 


= +6,6; 
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= + 6,5 ; 
- + 6,5; 



TR AKS FO R J! ATI OXS . 

5,f(m„.)„ + 16,11 
•t(mi„.)=- 8.1/ 
„ ((jn«ic.) = + 15,31 
'•■l{min.)=- 7,3/ 
„((m.x.) = + 14,0 1 
■■l(mm.)=- 6,0/ 
„f (max.) =. + 12,1 I 
"l(mln.) = 

The results are combiaed in Fig. 176, and show that the strains 
in arches are independent of the direction of diagonals, because 
to both sides of the centre line their strain is the same, though the 
direction ot the diagonal is not symmetrical to the centre line ; 
therefore, for the definition of strain Jn x or s, it will make no dii"- 
fetence if we choose in certain panels the left or right apex for the 
point of lotation. 

Transformations. 

From the results above we see that for a single diagonal system 
the diagonals are strained both for tension and com- 
V^ ^17(>'J P''*^^^'**"- ■^*"' ^ girder with a single diagonal, but 
symmetrical system, we pursue the same course as in 
the parabolic girder, and it needs no further explanation to form 
from the preceding figure a girder with symmetrical diagonals, 
eloping riglit downward for one and right upward for the other 
half of girder ; or, reversed, right upward for one and right down- 
ward for the other half of girder. 

The transformation for a girder with crossed diagonals will be 
j„„ , apparent i'rom Skeleton 177 ind it is only necessary to re- 
mark tliat, where the diagonals ^s tie-rod's are constructed, 
for the verticals only the grealest compresaive ( — ) strains come 
into consideration — observing trom this that, per example, the 
minimum strain of T'4 will bo replaced by the greater minimum 
strain of Fg as its symmetncal opposite 

When the diagonals (for instance, hy timbers) are constructed 
e braces as in ykeletou 178, designed b} double lines, for 
I verticals only tlie maximum or gieitest (+) strains 
come into consideration. The verticals are tie-rnds in tliis case, 
acting for tensile strain. 

[Plaits 27 and 28— embrai'i.ig Fit't. 170 lo J78.] 
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E. THRUST CONSTRUCTION. 

To form the equations of equilibrium, in tlie preceding calcula- 
tions the reactive force of supports has formed an essentJal part, in 

-,,, „^ ■, place 'of which, by the thrust construction, the result- 
Plate 29 1 

FV 179'J '"^ force at the vertex comes into consideration. To 
define its intensity, a single weight, W, may be sup- 
posed to rest at E (Fig. 179) on an arch-shaped girder, fixed at the 
heels, A and B, and butted at F. 

The weight, W, at a distance, «, from the right support, results 
in the force A W, intersecting the vertex F, and in the force WS 
toward the right support. 

When Ji is tlic intensity in the direction A W, its components are 
,0/). -1 ^ and V (downward) for the left section, and H and Y 
(upward) for the right section (Fig. 180°); and for the 
equilibrium we have 

left section, == F. 10 — S". 4 (rot. A); 

right section, = F. 10 + if. 4 — Wx (rot. B), 
in which, by addition, 

9n — TfV crV = 

20 



id by subtriiction. 






i)=-~H.^~W£, 


"--f- 




\\hfiXyx=r---\0?tQi{i.e.,ih&\-i< 


light, W, removed to tlie a 


mtre of 


e girdcj-, Fig. ISO"), then 






W. 10 
20 


orF^f; 




IF 10^ 
8 


orff=|iF 




fing for a weight, W= 100000 lbs.) ; 




F=^R00001bs., 


and ir= 125000 lbs. 





Thus, having defined the forces at the vertex for a single weight, 
W, at the centre, for the diagonals we have the following equations 
of eqiiiiibrium, a cut, s,i„ being supposed fo separate the members 
next to the left support. 



dbyGoogle 




»./«-' 



f' 


< *" — ^^ " "" 


-.^1 


1 


41 1 % 


J. 






V-'-"'^' 




?;>3%&2^;^ 






A, ». 


V 


y 1 







,.,.ieab, Google 



db,Googlc 



180°.} = «,.3'^ + KX l+FX 5 (rot. a, Fv^. 180'); 
^ M. . 35 + 125000 + 250000 ; 
K. ^ — 100000. 

= u,.4i + HX 1 + V X Krot. d); 
0~%.4i + 125000 + 12500; 



For 111, the jntcrsection, e, of the adjoining members, z of the 
upper and x of the lower string, is to the right of tlie centre ; 
therefore, for the equilibrium, 

Q = u,.5i + RXl—VXS'^ (rot. e) ; 
-= M, . 51 + 125000 — 175000 ; 
M,= + 9524. 

For the diagonals it, and y^ we suppose the intersection to be 
ininfinite distance (t. e., z and a: parallel) ; then £"will have no 
leverage, and therefore will be without influence, and when the 
angle of y,, with a horizontal line = 45", sin 45° = 0,707, 

y, ^ ''" ' "^ ^'' ^ 0,707 " 0,707 " ' 



= — t/,X5j— Fx3 + Bxl (rot. e) ; 
y,^ — 4255 ; 
also, y, = + 28947. 

The other diagonals, y, will be found in the same n 
will be in numerical value the same as the diagonals u, in case 
their angle with the horizontal line is the same. 

For the strains z in tlie upper string the rotation will he at the 
lower apexes ; so for z„ 

= — 2,x2i~SXU+rx7i (rot. 6); 
= — «. X 2J — 187500 + 375000 ; 
z.= + 75000; 
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Q = — e,XVi~HX^ + VXi^ (rat.?); 

£■,-. + 108333; 

0^~z,Xli~HX\ + VX'M (rot. i) ; 

z^ = 102777. 

In the same way, but with the rotation in the upper apexes, we 
have for the forces x in the lower stringer, 

= x,XU + HXl + VXi<i (rot. c) ; 

x,= -~ 178571 ; 
0=:^x,xH + RXl + VX6 (rot. /) ; 

a:, = — 226666; 
Q==x,xn + H+VX3l (rot. A) ; 

x, = — 250000 ; 
= 3r, XlJ-ffl'Xl+FX 2(rot. i); 
»i = — 200000. 
The results are given in the right section of Fig. ISO". 

For a combined (permanent and rolling) load an- 
V 1 SI ' other example will explain the definition of strains : 
Span = 72 feet, or 24 metres ; (Fig. 181.) 

permanent load = 2 tons for ea,ch apex ; 
rolling load = 6 tons for each apes. 

To ascertain the maximum strain of the single members we again 
first take into consideration what influence a single load, Q, upon 
the structure will have. 

For a single weight, Q, to the right of the centre line, and the 
produced pressure, B, toward the left abutment, it wiJl be observed 
that the reaction of the left support is in the line AS, the prolonga- 
tion of which intersects in P with a vertical line in Q, the reaction 
of A, being also directed toward P. 

The pressure at the link in the vertex S we divide in its horizon- 
- g2 1 tal and vertical components, H and V, and when the mo- 
ments are formed each for one-half of the structure in relation 
to their respective supports, we find from Fig. 182, 
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= F. 12 + ^, 4 — q.Z for the right section (rot. A^) ; 
= F. 12 — H. 4 for the left section (rot. Jl), 
These equations, when at one time added and at another sub- 
tracted, result iu 

F = |-. and-H-^|(2. 

As by this mode of observatioD we are enabled to ascertain the 
influence of a weight, $, upon the whole system, for the definition 
of strain in a certain member of the structure we make a cut, e,t, 
and form for the considered section the equation of moments. 

Definition of Strain x in the Horizontal Flanges. 

For a point of rotation ive take the foot, E, of the diagoual. 
(B, E, Fig. 182.) 

Each weight to the left of the centre line produces a pi'essure in 
the vertex, iS, the direction of ivliich is from A-i toward B, to l;eop 
the section iu its position. 

The components of this pressure {S and V) aim to turn to the 
left round A, similar to the strain a;, itseltj thereby making xy 
compressive. 

Each weight to the right of the centre line produces for (he left 
part a pressure in the vertex, the direction of which is thioifgli lliu 
pouit of rotation, E, and for this reason has no influence. 

For the greatest coiupreBsion, therefore, wo consider one-half of 
the girder, containing the flange in question, charged with a full 
load. The other half can be either loaded or unloaded without 
influence, as already stated. 

,00-1 Both halves being loaded, we have, from Fig, 183, for 
the pressure in the vertex, 

O^r. 12 + -5", 4 — 4X12 — 8 (9 + 6 + 3) (6) rot. ^; 
0=r. 12~ir.4 + 4Xl2+ 8(9+6+3) (<f) rot. .4 ; 
r-r-O, andff = 48. 
184.] From this for s, (rot, r . K, Fig. 184), 

--=- — J-, . 3,5 — 48 X 3 + 8 (3 + 6) + 4 X 9 ; 
a:, = — 10,29 tons ; 
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and in the same way, 

= — aT,.2,5 — 4SX2 + SX3 + 4X6; 

ar5 = — 19,2 toDs; 

= — LCa . 1,5 — 48 X 1 + 4 X 3 ; 

Kj ^ — 24 tons ; 

= — x,.0,5; 



Definition of Strain y in the Diagonals. 

When for a section (Fig. 186) the strain in the diagonal, y„ is to 
be calculated, the first thing is to define the strain in the vertex, 
185 1 "^'"" ^^' ™*^'™"'"' ^^^ apexes 3 and 4 ought to'be loaded. 
The others are indifferent, and ive have for the strain in the 
vertex (Fig. 185), 

= — F. 12+-H",4 — 1 X 12 — 2(9 + 6 + 3) (rot. ^,); 
= — r. 12 — if . 4 + 1 X 12 + 3 (9 + 6 + 3) + 6 (9 + 6) 
(rot. A) ; 

F--3,75, and ^^23,25, 
which gives for Fig. 186 the equation of equilibrium. 

= y,. 6,72 + 23,25 X 0,5 + 3,75 X 1,5 — 1 X 1,5 — 8 (4,5 + 
7,6 (rot. F); 

jj, (mas.) = + 11,94 tons. 

jgg ., For j/s, (min.), the apexes 3 and 4 ought to be unloaded, 
the second loaded. The others again are indifierent, and 
may be nnloaded. 
1871 ^'"' ^^ strain in the vertex is from the equations forrned 

-* ftom Fig. 187, 
= — 7.12 + S".4— 1X12 — 2(9 + 6+3) (rot r.^,); 
= — 7.12 — fl'.4 + lX12+2(9+6 + 3) + 6x3(rot.r.J); 
7., = 0,75, and H ^ 14,25 ; 

Plate SI,1 And thus we find for the moments upon the section 
Pig.l88J (Fig. 188), 
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= J/, . 6,72 + 0,75 X 1,5 + 14,2o X 0,5 — 1 X 1,5 — 2 {4,5 + 7,5) ; 

i/s (mill.) — + 2,75 tons. 

In the same manner we find for y^ (max.) the following equations : 

"With a fill! load, V = 0, and ZT = 48 ; 

therefore, = y,. 10,25 + 48 X 0,5 — 4 X 1,5 — 8 (4,5 + 7,5 + 
10,5); 

?/i(miix,) = + 15,8 tens. 

y, (miu.) does not exist, because in this diagonal no compression 
can be produced. 

For ^3 (max.) only the fourth apex should he loaded. 

F=2,25, and ^=18,75; 

= y, . 3,35 + 2,25 X 1,5 + 18,75 X 0,5 — 1 X 1,5 — 8 X 4,5 ; 

y, (max.) = + 7,39 tons. 

For ^s (mill.), wheii ouly the second and tiird apexes are loaded, 

F = 2,25, andjS-=18,75; 

= !/, . 3,35 + 2,25 X 1,5 + 18,75 x 0,5 — 1 X 1,5— 2 X 4,5 ; 

yn (min.) = - 0,67 ttins. 

For y,, a compressive strain will not exist, and we have orily y, 
(min.) to calculate, for which Apexes 2, 3 aud 4 are loaded 

F = 4,5, -and H = 25,5; 

= »;,.0,738+ 4,5x1,5 + 25,5x0,5 — 1 X 1.5; 

2/. (min,) = — 24,4 tons. 

Calculation op the Tensile Strains z in the Lower 
Flanges. 

For Sj we find, after short contemplation, that st, in Fig, 189, is 
100 -i the separating line, in which a weight, q, produces no strain 
in Sj. Every loud to the right of this line produces com- 
pression, and every load to the left produces tension, making Zj 
positive; therefore we have for Sj (max.) the strain in the vertex 
from Fig. 189, 
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= — r. 1 2 + 77. 4 — 1 X 2 — 2 (9 + 6 + 3) (ro t. r . ^) ; 
= -r.l2-ff.4 + lX 12 + 2(9/6 + 3) + 6(6 + 3 
(rot. r.A); 

F-^2,25, andir=18,75; 
190.] and from Fig. 190, for the equations of equilibrium, 
= 2,. 2,37 — 2,25 X 6 + 18,75 X 0,5 +1X6+2X3 (rot I) ; 

zi (max.) ~ — 3,32 tons. 
191.] For 3. (min.), from Fig. 191, 
= F.12 + JT.4 — 1x12^2(9+6 + 3) — 3X12 — 6(9 + 

6 + 3) {rot. r.A,); 
= F.i2 — ^.4 + 1 Xl2 + 2(9+6 + 3) + 3X 12 + 6x9 
iroL r.A); 

V = 2,25, and H = 41,25 ; 
192.] and from this, 

0==^,.2,37 + 2,25 X6 + 41,25 X0,5 + 4x6 + 8X 3 (rot 
r . I, Fig. 192) ; 

2, (min.) = — 34,6 tons. 

In tbe same manner for z„ for which tho separating line in the 
first apex and the minimum strain by a full load, 
7=0, andH'^48; 
0='2..4,27 + 48xO,o-]-4xl2 + 8(9 + 6+3); 
zi (min.) = ~ 50,6 tons ; 
and for Zj, separating line between Apexes 2 and 3, 

V = 0,75, and H = 14,25 ; 

= si . 3,32 — 0,75 X 9 + 14,25 X 0,5 + 1 X 9 + 2 (6 + 3) ; 
2, (max.) = — 8,25 tons ; 
and for the minimum, where 

F=0,75, and fl'^^ 45,75; 

= *j.3,32 + 0,75X9 + 45,75X0,5 + 4 X 9 + 8 (6 + 3) ; 

E, (min.) = — 41,45 tons. 
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CALCULATION OP THE VERTICAI^S W. 101 

For e„ separating the line between Apexes 4 and 5, 
F=4,5, andH = 26,5; 

= 2.. 1,423 ~ 4,5 X 3 + 25,5 X 0,5 + 1 X 3 ; 
3, (mas.) = — 1,58 tons. 
For the miuimnm, 

F = 4,5, and 5" =34,5; 

= 3.-1,423 + 4,5x3 + 34,5 X 0,5 + 4X3; 

a, (min.) = — 30,0tons. 

Calculation of the Verticals u. 
For Uj, per example, we have from Fig. 187, 
F=0,75, andif=14,2.5; 
193.] and the equation of equilihrium from Fig. 193, 

= — «3. 7,5 + 0,75X1,5 + 14,25x0,5 — 1 X 1,5 — 2(4,5 + 

7.5) (rot. r.J'); 

1*3 (max.) = — 2,3 tons ; 
Fur the minimum from Fig. 185, 

r==3,75, and ff^ 23,25; 

194.] and from Fig. 194, 
= — «j . 7,5 + 3,75 X 1,5 + 23,25 X 0,5 — 1 X 1,5 — 8 (4,5 + 

7.6) (roti-.i^); 

w, (min.) = — 10,7 tons. 
In the same way we find for Mi, where F = 0, and H = 48, 

«, (min.) = — 16,0 tons. 

For w,, F = 0, and ff = i&; 

iti (min.) = — 1 5,4 tons ; 

and for «., where F = 2,25, and B" = 18,75; 

= — M,. 4,5 + 2,25 X 1,5+ 18,75 X 0,5 — 1X1,5 — 2.4,5; 

u^ (max.) = + 0,5 tons. 



dbyGoogle 



102 THE THEOKY OP STRAINS. 

For the mimmum, 

r^2,25, and if = 18,75 ; 

= — M. . 4,5 + 2,25 X 1,5 + 18,75 X 0,5 — 1 X 1,5 — 8 X 4,5 ; 

u, (min.) ^^ — 5,5 tons ; 

Hj ^= — 4 tons. 

195.] The resulis are combined in Fig. 195. 



11. CALCULATION OF A TRUSS stlSTAINING A 
DOME. 

Plate 32, 1 For the cousfruction of a dome (Figs. 196-7), tte 
Figs. 196-7.J distribution of the load at the apexes shouJd be first 
considered. The ribs not being paraliel, but intersecting at the 
vertex, therefore the variable load increases toward the base, AB, 
in the same relation as the sections ol' the horizontal circles drawn 
through the apesea. 

These Beetions are proportional to their radii. 'When, therefore, 
their length ie measured, and at a certain apex the load is defioed, 
the proportion of the radius of this point compared with any other 
radius will give the weight or load at such apex. The weight 
of the rib itnelf will be the only constant load. Every other 
weight, as sheeting, snow aud wind-pressure, should be calculated as 
a variable load — for instance, when the sheeting is displaced at one 
Kide for repairs. 

This problem may be still further explained by the following 
example: On a dome of 100 yards span, the outlines may form a 
senii-gbbe whose radius ^^ 51 yards. Its area being 16338 square 
yards, each of the eight ribs will sustain the weight of an area 
= 2042 square yards. The load, including the weight of sheeting, 
enow and wind-pressure, estimated at 470 lbs, per square yard, 
gives 480 tons (at 2000 lbs.) for each rib. 

The weight of a rib whose outside and inside circles (chords) are 
2 yards apart may be estimated = 60 ton?, this being the perma- 
nent load, which when equally distributed to the panels, 15 in 
number, will give for each apex a pennanent load of 4 tons. 

For the proportion of the variable load, the distances of tha 



db,Googlc 



CALCINATION OF A TRUSS SUSTAINING A DOME. 103 

apexes fiom the vertical ccDtrc line require to be .■:ic!i«ure<l, re- 
sulting ill 

ojl|2|3J4|6 6 

Proportional to these figures is the variable load; therefori 
when the whole suia (being 512) is divided into the whole load - 
4S0 tons, and the result multiplied by those figures, then the var 
able load for each apex will be 



10 11 12 13 14 ; 



9,9 14,8 19,4 23,9 28,1 32 35,5 38,7 41,4 43,7 45,5 46,8 47,ft 
10 11 12 13 14 



This being defined, for the furtiier calouiatioa we suppose the 
ribs on their supports secured against the horizontal thrust by 
means of a horizontal wrought-iron band (ring) ; then the aiipjiorts 
will sustain only a vertical pressure equal to the weight of tht! 
structure. 

Each pair of opposite ribs thus fixed at the heels, and resting at 
the top against a globe or universal joint (providing expansion and 
contraction), will show conformity to the preceding example. In 
the calculation, therefore, we can follow the same principles. 

So we find again by an unloaded and also by a completely loaded 
state the vertical pressure at the vertex = 0. 

The horizontal force will be defined in forming the equation for 
all the moments of the loaded apexes in regard to the point A of 
support, their levers being 
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For an unloaded state of ribs it will be 
H. 50 = 4 (6/ + 44,7 + 39,4 -}-... -f 1,5 + 0,1 — 0,T) ^ 1056 ; 

jff= 21,12; 
but for a loaded state, 

.ff . 50 = 4 ( 5/ -]- 47,7 + 39,4 + . . . + 1,5 + 0,1 — 0,7) ; 

+ 5 X 44,7 4- 9,9 X 39,4 + . . . + 45,5 X 1,5 + 46,8 X 0,1) — 
47,6 X 0,7. 



dbyGoogle 



These figures show the moments of the movable load in regard 
to the point A, and for use in the following the value of each may 
be staled here : 
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iSS.fi 
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From this we find for H in the preceding equation, 
Hy. 50 =1056 + 223,5 + 390 + ... + 68,3 + 4,7 — 33,3 = 5595 ; 
Zr= 111,9. 

Calculation or Strains x of the Outside Arch. 

1981 '''*' explain the calculation, we choose the section of the 
arch between tlie Apexes 6 and 6, M to be the point of rota- 
tion. (Fig. 198.) 

The vertical line at E, distinguishing the influence of the load 
upon tensile and compressive strain, caa be constructed in makiug 
a line from the opposite support through jS, and another line from 
A through the point of rotation, M. The distance of this line 
from the vertical centre line is 13 yards, being between the Apexes 
2 and 3. 

The tension, x, will be a maximum when the points 3, 4, 5 ... 14 
are in nn unloaded stare, Rnd t^;o otiiera in n ).-,nfl(."l ptate; then 

opposite nli,, 

JT. 50 = 5595 — 7X50 (for the rib tothcnyhi); 

3. 60 = 5595 + F. 50 -— 506 — 568 — 586 — ... — 4,7 + 33,3 
(for the rib to the left) ; 

ff=72,7; 7^39,2. 

Plate 33,1 From this, for x (max.), from Fig. 199, 
ig- 199. ^ ^ _ ^ _ 2 — 72,7 X 8,9 + 39,2 X 26,7 

+ 4 (^^ + 21,4 + 16,1 + 10,9 + 6 + 1,2) ; 

+ 5 X 21,4 + 9,9 X 16,1 (rot. M) ; 

X (max.) = + 470,9 tons. 
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CALCULATION OP STRAINS Z OF THE INSIDE AECH. 105 

For X (min.) only the Apexes 3, 4, 5 ... 14 are supposed to be 
loaded ; then the components of the resulting strain at the vertex 
of tbe ribs will be found in forming the equations for each of the 
two sides, adding for the left side to the permanent load tho values 
of the variable load from Apexes 3 to 14. 

0:^irx50— 7X50 — loss ; 

= — -ff X 50 — F. 50 + 1056 + 506 + 563 + 588 + . . . + 4,7— 
33,3 ; 

fl"=60,3, andr=S9,2. 

200.] Then for x (min.), from Fig. 200, 

= — a:. 2 — 60,3X8,9— 39,2x26,7 + 4 (H'-^+21,4+ 16,1 + 
10,9 + 6 + 1,2) 

+ 14,8 X 10,9 + 19,4 X 6 + 23,9 X 1,2 ; 

« (min.) = — 500,6 tona. 



Calculation op Strains z op the Inside Arch, 

The same panel may serve for calculation, being the section op- 
posite Apex 6. 

For the equation of equilibrium of this section, the point of rota- 
tion will be in 6. To find the vertical line, distinguishing the 
nn-, -1 action of the load upon tensile or compressive strain, Jhe 
direction from A through 6 and from B through S gives the 
point of intersection, F (Fig. 201), being 17,3 yards from the ver- 
tical centre line between Apexes 3 and 4. 

For z (max.), only the points 4, 5 ... 14 should be loaded ; then, 
for the components at the vertex, 

O^fl". 50— r.50 — 1056; 
= .H". 50 — F. 50 + 1056 + 568 + 586 + . . . + 4,7 — 33,3 ; 
if = 55,3, and F= 34,2. 
202.] Now, from Fig. 202, 

= 2.2 — 55,3 X 8,74 — 34,2 X 30 ; 
+ 4 ( V + 24,7 + 19,4 + 14,2 + 9,S + 4,5) 
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+ 19,4X9,3 + 23,9X4,5; 

s (max.) =; + 436,5 tons; 

and further, for the eomponenta at the vertex, for z (inin.), tie 
Apexes 4, 5 ... 14 are to be unloaded, all the others to be loaded ; 
and for the negative vahie of the laoments for Apexes 4 and 5, 
added to the sum of momenta of the left rib, when entirely loaded, 

= ff. 50 + r. 50 — 5595 ; 
== ~ if. 50 + F. 50 + 5595 — 568 — 586 — . , . 4,7 ; 3S.3 ; 
H ^ T7,7, and V = 34,2. 
203.] Now, according to Fig. 203, 

0^z.9.~ 77,7 X 8,74 + 34,2 X 30 

+ 4 ( V + 24,7 + 19,4 + 14,2 + 9,3 + 4,5) 

+ 5 X 24,7 + 9,9 X 19,4 + 14,8 x 14,2 ; 

e (mill.) =7- — 610,5 tons. 

Calculation of the Diagonals y. 

The diagonal between 9 and 10, intersecting with the outside 
arch at Apex 10, may serve for explanation. 

p. „, -. In the cut st (Fig. 204), separating the diagonal and 
p 204' J *^'* irche« the point of intersection of tbe latter will be 
again in infinite distaiica (see calculation of trusses 
with parallel fop and bottom flanges) in the tangent of a circle 
half way between the outside and inside arches. 

This tangent foims an angle of 58i degrees with the vertical 
line at the centre or with the horizontal line CA. 

The forces parallel to the tangent have no influence upon y, their 
direction going in inflaite distance through the intersection of the 
inside and outside arches. 

Therefore, all the forces acting upon the section S)il should be 
separated in forces right-angled and parallel to the tangeur, the 
parallel forces to be omitted. 

The vertical separating line of tbe weights acting upon conipres- 
eion or tension will be found in drawing a line through A (Fig. 
204), parallel to the tangent, and through BS, intersecting at J. A 
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CALCULATION OF THE DIAGONAI-S y. 107 

weight Buapended in the vertical direction through J" creates with 
ite pressure at the vertex a resulting strain, being without influence 
upon the diagonal, y. 

Every load io the right of the vertical line in J creates compres- 
sion, and every load to the left to the separating line, d, produces 
tension. From this point down to the support, A, compression is 



The distance, J, from the vertex being 12 yards {i.e., between 
the second and third apexes), the force, y, will be a maximum when 
the apexes 3, 4, 5, 6, 7, 8 and 9 are loaded. 
For the forces at the vertex, 

= /i-.50 — r. 50 — 1056; 
= — ff.oO — F.50 + 1056 + 506 + 568 +586+562 +509 + 
430 + 337 ; 

H = 56,1 tons, and V = 35 tons. 

„._- From Fig. 205, for the equilibrium, all tlie forces acting 
in the direction iV being 0, 

= iV+56,lXcos31i'' + 35 X sin 31^' — 4 X 9,5 X sin 31J^ 

— (14,8 + 19,4 + 23,9 + 28,1 + 32 + 35,5 + 38,7).sin Sli' 
the solution being N (max.) = 54,3, 

which gives for y, forming with the force N an angle of 52" 35', 

y (max.) ^ — ^tt; = + 89,3 tons, 
cos 52 via 

y (min.) will be defined when, with the exception of Apexes 3, 
4, 6, 6, 7, 8 and 9, all the others are loaded. 
Then, for the pressure at the vertex, 

= H. 50 + V. 50 — 5595 ; 

= — ^. 50 + F. 50 + .'"..'■>q5 ^ ".06 — 568 — 580 — 562 

— 509 — 430 — ■ 3:17 ; 

if =77, and 7= 35; 

20C.] and from Fig. 206, for .T (min.), 

^ N-Y- 77 cos 31!° — 35 &in 3ir — 4 X 9,5 X siu 311" 
-(S + VisinSli"; 
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JV (mm.) = — 19,7; 



therefore, for «, v ^ — -_._i — =^ -^ 32 5 tons. 
^ ^ cos 52° 35' 

Thia may be sufficient to show the calculation of the single mem- 
bers, and we still want to show ouly the calculation of the strain, 
8, in the horizontal ring or band at the heels of the ribs. 
2Qy 1 As in the case above described there are only a limited 
number of ribs, forming at their base a polygon (Fig. 207), 
which will also be the form of the ring, then 

111,9 



But when numerous ribs form the dome, so that the horizontal 

208 T ''^'^^*' to^'^i'd the ring (as in Pig. 208) is equally distributed, 

and p the horizontal pressure per unit of length, then 

pX2r'/> = 2S^, oiS = p.r. 

So for our example, 

H 111,9 _ . 

P = —^ 

^' i 

and therefore 5 = '2,794 X 5\ = 142,5 tons. 

[PlatCB 29, 30, 31, 32, 33 and 34— embracing Figs. 179 to 20S.1 
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ILITARY AND POLITICAL LIFE OF THE EMPEROR 
NAPOLEON. By Baron Jomini, General-in-Chief and Aid-de- 
Camp to the Emperor of Russia. Translated from the French, with 
notes, by H. W. Halleck, LL. D., Major-General U, S. Army. 4 
vols., royal 8vo. With an Atlas of 60 Maps and Plans. Cloth, 
$25; Half-Calf or Morocco, $35; Half-Russia, $37.50. 

" The Atlae attached 10 this version of Joarai's Jfoprrfsim adda very materially to lla valno. It 
tOQlBinn tixlp JIaps, illnetratlve of Hapoleon'e eitraordlDary military career, teg^nuing with th« 
ImmotUl Italian campaigns of 1706, and closing with the dccleivs Campaign of Flacdecii, in 1SI5, 
the laet map showing the battle of Wavre. These maps take the reader to Italy, Egypt, Patea- 
Mne, Germany, Moravia, Euaaia, Spain, Portngal, and Flanders ; and tlieir numlicr and variety, 
and the vast and varione theatres of action which Ihey indicate, teatil^ to the immeuao oitent 
9f Napoleon's operationa, and to Iho gigantic character of hia power. Thej are aflmlrahly pre- 
pared, being ae remarkahle for the heanty of their eiecntlon as for their Etrict fldclity as illos. 
li-aliona of somo of the grealeat deeds in the annalB of humaa wai'&re. They are worthy of the 
work to which they belong, which hiB been most eicellently presented typographically, and de- 
Benlngof the place which It has taken in Mr. Van NoBlrand's noble and eitensivB library of 
ailllsry publications."— Bostoj Bally EveaiTig Trandlsr. 

" It is necdleaa to aay anything In pr^ae of JoHcxiasa wrlterontha aclence of war. 

"General Halleck has laid the profeaaional eoldiorand the student of military history onAtit 

of ihia work for the press. His rare qaaliHeations fbr the task thua undertaken will \t ae- 
know! edged by all. 

•Theuoteawlth which the text is illustrated by General Halltok are not among the least ^ 
tbe merlta of the publication, which, in this rtspect, has 1 value not possessed by the oiiglual 
work."— JVatonoi Inidageneer. 

" The narrative is so brief and clear, ani the style so simple and perspicuous, that it will b« 
-JfcB York Timea. 



*t* 5'hiB ia the only EDeUah translation of this Important stralegical life of the great NapoleoB. 

THE POLITICAL AND MILITARY HISTORY OF THE 
CA]\IPAIGN OF WATERLOO. Translated from ihe French 
of General Bakon de Jomini. By Col. S. V. Benet, U. S. Ord 
nance. 1 vol., izmo, cloth. Third editioa. $1.25. 
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TREATISE ON GRAND MILITARY OPERATIONS. Illustrated 
by a Critical and Military History of the Wars of Frederick the 
Great. With a summary of the most important principles of the Art 
of War. By Baron de Jomini. Illustrated by Maps and Plans. 
Translated from the French by Col. a B. Holabird. A. D. C, U. a 
Army. In 2 vols., 8vo, and Atlas. Cloth, $15; Half-Calf or Half- 
Morocco, $zi ; Half-Russia, $32.50. 

" It Is milTersall J ngreed that no art or aeien™ la mote aifHcnll tli«n that of n-ar-, yet ?j as 
qnaccounlabla contradletion of tlie human minil, those wlio einhrace Ox\s profuaalon livte littl* 
01 no i>ataa 1o atady it. They aeom to thick that the liiiowlGiIgc oF a few inai^illciuit aDd na» 
leaa triflCB constitute a great oflicer. This art, like all others, la fouiiduil on certain and i.iai 
principles, which ate by their nature invariahle \ tht appllcatiim of tlieni ouiy can be vailed." 

In thia work theae priDciplea will'be fUund vet; Iklly developed and lllii»traled t)y immsdiata 
•ppllcatSon to the moat lutereatiag campaigns of a great maEter. The theoreUcal and mechanl- 
tai part of war may he acquired by any one who has the application to sHidy, powers of refiee- 
Uon, and a eound, clear common sense. 

Frederick the Great liaa the credit of having dose much for tactics. He Introduced the closa 
columo by divtalou and deploymenlfi Uiererrom. He brought hia army to a higher degree of 
■kill than any other in mancBUYiln^ before tlie enemy to menace his win^ or threaten bis flanks, 

SCOTT'S MILITARY DICTIONARY. Comprising Technical 
Definitions ; Information on Raising and Keeping Troops ; Ac- 
tual service, including makeshifts and improved materiel, and Law, 
Government, Regulation, and Administration relating to Land 
Forces. By Colonel H. L, Scott, inspector-General U. S. A. 1 
vol., large 8vo, fully illustrated. Half-Morocco, $6 ; Half-Russia, 
?8 ; Full-Morocco, $10. 

" It la a complete EncyclopEedia of Military Science, and fidly eipldas everytUng discovered 
"It should be made a test-book for the study of every volantaer."— fliPjKr'a JUagaslnt. 

CAVALRY ; ITS HISTORY, MANAGEMENT, AND USES 
IN WAR. By J. Roemer, LL. D, , late an Officer of Cavalry in 
the Service of the Netherlands. Elegantly illustrated, with one hun- 
dred and twenty-seven fine wood -engravings. In one large octavo 
volume, beautifully printed on tinted paper. Cloth, $6; Half-calf, 
87. 50- 
Summary of Contents. — Cavalry in European Armies ; Proportion of 
Cavalry to Infantry; What kind of Cavalry desirable; Cavalry indis- 
pensable in War ; Strategy and Tactics ; Organization of an Army ; 
Route Marches ; Rifled Fire-Arms ; The Charge ; The Attack ; Cav- 
alry versus Cavalry ; Cavalry versus Infantiy ; Cavalry versus Artillery ; 
Field Service; Different Objects of Cavalry ; Historical Sketches of 
Cavalry among the early Greeiis, the Romans, the Middle Ages ; Dif- 
ferent kinds of Modern Cavalry ; Soldiers and Officers ; Various sys- 
tems of Training of Cavalry Horses ; Remounting ; Shoeing ; Veter- 
inary Surgeons, Saddlery; etc., etc. 

WHAT OBMEBMj m'DI.BL1.A» SUB OF It. 

"I En Bicsedlngly pleased with It, and regard it m » very vakmble addition to our millteT? 
Blsrature. It will cerUiuly be regarded aa a atsndsrd work, and I know of none ae valciable to 
onr cavaty officers. Its uaefliinesa, however, la not oonflned to oflicura of cavalry alone, but J 
contains a great deal of general Infbrmation valuable to the olQceia of the other arms of serT.J> 
espociull* these of the SUIT" 
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NOLAN'S SYSTEM FOR TRAINTNG CAVALRY HORSES 
By Kenner Garrard, Capiain Fifth Cavalry, Bvt Biig.-Gen. 
U. S. A. I vol., larao, cloth. 24 lithographed plates. $2. 

COOKE'S CAVALRY TACTICS ; or, Regulations for the Inslruc- 
lion, Formations, and Movements of the Cavalry of the Army D.niJ 
Volunieersof the Uniled States. 100 illustrations, i2mo. Cloth, |t, 

PATTEN'S CAVALRY DRILL. Containing Instructions on Fool ; 
Instruction on Horseback ; Basis of Instruction; School of tha 
Squadron, and Sabre Exercise. 93 Engravings. i2mo, paper. 
50 cents. 

ELEMENTS OF MILITARY ART AND HISTORY. By Eeivasd 
DE laBarre Dupakcq, Ciief de Bataillon of Engineers in ihe Army 
of France, and Professor of the Military Art in the Imperial School 
of St, Cyr. Translated by Brigadier-General Geo, W. Culh;m, U. 
S. A., Chief of the Staff of Major-Generai H. W. Halleck, General- 
in-Chief U. S. Army, i vol,, 8vo, cloth, I5. 

liieBnbject. Geuetal Cultum'a flbiiitj and femttlatdy Willi tile technical LV^ageofFreiiclimU- 

"H, W, HALLECK, Majar-ileneralU.S, A." 

"I have read the hook with great In tercet, and trust that It will iiare a large circulation. U 

oanoot fail l<i do good bj spreading that very knowledge, ilie want of which among onr new, in 

»vperieiM;«d, and aataught soldiere, has cost at bo many Itvea, and so much toil and truaBure. 

'^M. 0. MEIGS, Quartennafiter-Gcuefal U, S. A.** 

T^HB CIVIL AND MILITARY ENGINEERS OF AMERICA. 
* By Gen'l Charles B. Stuart, Author of "Naval Dry Docks of the 
United States," &c., &c. Embellished with several finely executed 
portraits on steel of eminent engineers, and illustrated by engravings 
of some of the most important and original works constructed in 
America. 8vo. Cloth. $5. 
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EST POINT SCRAP BOOK. Being a Collection of Legends, 
Htories, Songs, &c. By Lieut. O. E. Wood, U. S, A. Profusely 
illustrated. Beautifully printed on tinted paper. 8vo. Cloth. 55. 



THE PRINCIPLES OF STRATEGY AND GRAND TACTICS. 
Translated from the French of General G. H. Dufour. By 
William P. Ceaighill, Captain of Engineers U. S. Army, and 
Assistant Professor of Engineering, U. S, Military Academy, West 
PoinL From the last French edition. Illustrated. In 1 vol., 
l2mo, cloth. $3. 

"GcucmlDuftinrlisdlatlngDlBhea civil and military engineer and a practicai soldier, and U 
Baroiie one of Ihe recognized antboritieB on mllliary matters. He holds ihe ofllce of Chief el 
tte General Staff o/Uie Array of Switzerland."— asniiiyitoi. 

"This work d|hiu the print iples of Btrategy, ihe application of which we have aoroly s;oml to 
tired or in al) our ceaipa>:,iie, cornea fi'om an acknowledged autliorlly. It waB Ocncni) DufUal 
«ho BucccBHlally arrayed the Federal Army of Switzerland agalnet iiceeslon, and 'suMuaf 
the rebcllloua CaoUiiia,''—Boslim Jaurnal, 
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\RMY OFFICERS' POCKET COMPANION. Principally de- 
signed for Siaff Officers in the Field. Part))' translated from the 
French of M. de Rouvre, Lieutenant-Colonel of the French Staff 
Corps, with Additions from standard American, French, and English 
authorities. By Wm, P. Craighili., First-Lieutenant U. S. Corps 
of Engineers, Assistant Professor of Engineering at the U. S. Mili- 
tary Academy, West Point, i vol., iSmo, full roan, $2. 

ilghill'B Pocket Campanion. I Cna tt ona of tha vet; 

Any ntrny or Toluntiwr officer who will mnkc liimecll 

tbe coLteota oflbfalltUe book will eddom be <Kn<"^at of bia dutlea Id camp at 

■■ H. W. HALLECK, Major-Gcneral IT. S. A." 
Jty exsmlned the ' Mannit tor Staff Offlcers In the Field,' It is a mnat InvBlna- 
iblo in nrriLngemtnit, pcrepicuonEly written, ftboiindiog in moat useful matters, 
as sliould be the constaDt poclietrCDmpanion of orery army officer, Regiilui' and 

"G. W. CULLUM, Brigadier-GenerBlO. 9. A., 
" ChlBf of Qenoral Halleck'a Staff, Cblof Bnglaaer Deportment Misaissippi." 
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AXIMS AND INSTRUCTIONS ON THE ART OF WAR. 
A Practical Military Guide for the use of Soldiers of all Arma 
and of all Countries. Translated from the French by Captain Lendv, 
Director of the Practical Military College, late of the French Staff, 
etc., etc, I vol., i3mo, cloth. 75 cents. 
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ISTOEY OF WEST POINT, and its Militaiy Importance during 
American Revolution ; and t!ie Origin and Prcgress of the 
United States Military Academy, By Bvt.-Maj, Edward C. Bovnton, 
A. M., Adjutant of the Military Academy. Second Edition, with 
numerous Maps and Engravings, i vol., octavo. Cloth, $3. 5a 

"AsWb ftom tte Talno ag an tlstoneal record, the volaina under notice is an entertalnina 
guide-hook to the Militarj Academy and Ita anrronndinga. We have ftill detaUa of Cadrt lift 
bom the day of entrance to tliat of graduation, together with flescriplions of the buildings, 
grounds, and monuments. To the multitude of those who liave enjoyed at West Point the com- 
bined attractions, this book will ffve, in ita deacriplivo and Illustrated portion, especial pleaa- 
luo."— ^«iu York Evening Post. 

"Thepecond part of the book gives (he historrottiie Military Academy fh)m ita founditton 
In lae, a deocriptton of the academic bntldlnga, and tlie appeirance to-day of this always bean- 
lifnl spot, with tha manner of apimlntmant of the cadots, course of etudy, pay, time ot aervice, 
ftnd much other Information yearly becoming of greater valne, for Weet Point haa not yet 
reached Its palmiest doya."— Snify A<lwrliser. 

WEST POINT LIFE. A poem read before the Dialectic Society 
of the United States i\Iilitary Academy. Illustrated with 
twenty-two fuU-page Pen and Ink Sketches, By a Cadet. Ta 
which is added, the song, " Benny Havens, Oh I' Oblong 8vo,, 
doth, bevelled boards, $z. 50. 

GUIOE TO WEST POINT AND THE U. S. MILITARY ACAI> 
EMY. With Maps and Engravings. i8mo., cloth, |i. 
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6 D, Yan Mostrand^s J'uOhcations. 

BENTON'S ORDNANCE AND GUNNERY. A Course of In. 
siruciion in Ordnance and Gunnery; compiled for the usa of 
the Cadets of the United States Military Academy, by Col, J, G. 
Benton, Major Ordnance Department, late Instructor of Ordnancg 
and Gunnery, Military Academy, West Point, Third Edition, re 
vised and enlarged, i vol., Svo, cloth, cuts, $5. 
" A Qbbit Military WaitE.— We ti*ve belbre db a bonnd volonie ot neuly etx hnnitrei 

U liB title Btates, sad ijoes Into every doparlment of the aelMce, IncLuding gnniMwder, pro- 
^U1«s, csnnon, eaniages, machlnee, end tmpleUieutg, small-armB, pyrotocbny, science of gun- 
nery, loading, pointing, and dlsrJiar^ng flrearnlB, different kinds of flees, effcCtB of projcclilM 
snd employment of Brtillei?. Tlieee Beverally form chapter heads, and give thorough iiiforma- 
Hon on [he auljecta on whfdi they treat. The most valnal)le and interesting Inftirmatlon 
Hail thD above lDpicB,IncIudiaK the iilatory, Dlsn1lltelal-^ and use of pmall-atins, )b here con- 
•anlrated In compact and convenient Bjtm, making s work of rare merit and Btaudard eiccl- 
ience. The work is atnndantly and clearly illuBtratcd."— ^lUton Traveller. 

ELECTRO-BALLISTIC MACHINES, and the Schultz Chrowj- 
scoPE. By Lt,-Col. S. V, Bsk&t. i vol., 4to, illustrated, cloth, 
$3- 
TREATISE ON ORDNANCE AND ARMOR. Embracing De- 
scriptions, Discussions, and Professional Opinions concerning the 
Material, Fabrication, Requirem-ents, Capabilities, and Endur.ance 
of European and American Guns for Naval, Sea-Coast, and Iron- 
Clad Warfare, and their Rifling, Projectiles, and Breech- Loading ; 
also. Results of Experiments against Armor, from Official Records. 
With an Appendix, referring to Gun-Cotton, Hooped Guns, etc., 
etc. By Alexander L. Hollky, B. P, With 493 Illustrations. 
I vol. 8vo, 948 pages. Half roan, $10. Half Russia, $12. 

" Tbe special featnre of this comprehensive TDJums Is its ample record of ftlctB relating to !!>■ 
inllJects of which it treats, that have not before been distinctly presented to tlie attention of tbe 
pabiic. It caniains a more complete account than, as fur as wo are aware, can be fbund else- 
where, of llie conetractlon and eTTecfs of modem standard ordnance, including the iraprova- 
meuta of Armstrong, Whitworth, Blakeloy, Farrott. Brooks, Kodman, and DahlfcTcn; the wrought. 
Iron and steel ^ns; and the latest system of rifling projecljles and breech-loadicg, 

THE ARTILLERIST'S MANUAL. Compiled frortr various 
Sources, and adapted to the Service of the United States, Pro- 
fusely illustrated with woodcuts and engravings on stone. Second 
edition, revised and corrected, with valuable additions. By Gen. 
JoH.v Gibbon, U. S. Army. 1 vol., Svo, half roan, $6. 
Tills book is now considered the standard aulhoiity for that particular branch 
of the Bervlce in the United States Army. Tlie War Department, at Waah- 
Inglon, has exhibited ita thorough appreciation of the merits < f this volume, the 
■waut of which has been hitherto much felt in the service, by subscribing fbi 
?00 copies. 

"It la irltb great pleasure that we vrelcome Ibe appearance of a new work on this snbjeet, 
•ntlUed 'The Artillerist's Jfanoal,' by Capt. Jehn Qibbon, a highly ecientlflc and merilorion* 
•fllcerof artlllarylnour regoiar service. The work, an octavo volume of 500 pages, In large, 
dear *ype, appears to be well adapted to supply just what has been heretofore needed to All tha 
gap between the simple manual and the more abstruse demonsiratlons of the science of gunnery. 
The whole work it profueely Illustrated with woodcuts and engravinss on stone, lending to giva 

woU y>e considered as a valuable and ImporlaBt addition to the mllitar; science bt the country ."-• 
me rwA SiraH. 
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AND-BOOK OF ARTILLERY. For the Service of the United 
States Army and Militia. Ninth edition, revised and greatly en- 
larged. By Col. Joseph Roberts, U, S. A. i vol., iSmo, cloth. 



The following is an extract frem a report made by the committee appointed 
at ft meeting of the staff of the Artillery School at Fort Monroe, Ya., to whom 
file commandiog offloer of the School had referred tliia work: 

• ■ • "In theopinlonof yonrComniUteB,thearrangBnieiitorHie aubjccts snatha eeleetlon 
or Uie eevsral qiieetiune and anewem hnvo been jndlctouB. The work is one which ma; h( 
Ktvaiilageonsly iieea for reference hj the offloero, and is adrairalily adapted to the iOHtnictton 
at Ban-coramlsaioned otScers and pilrateB ot artlltcry. 
"Yoni Camiuittca do, Uierefora, recommend that It be eubatltnted aa a text-book.'* 
(Signed,) I. VOQDEa, Capt- 1»( AHOlery, 

{SlgnedJ K O. C. ORD, Gapt. 3d AHiUery. 

(Signed,) J. A. HASKIN, Btl. Mi^, md Capt. UC ArtOfrv. 



INSTRUCTIONS FOR FIELD ARTILLERY. Prepared by a 
1. Board of Artillery Officers. To which is added the " Evolutiona 
oFBatteries," translated from the French, by Brig.-Gen. R. Ander- 
son, U. S. A. I vol., i2mo, 123 plates. Cloth, $3, 



3TON, D. c, Maith i. leea. ( 



a Byalem of InstrqcUon f*r Field Artillery, prepared nnder direction of the War Depart- 
avini; heea approved b; the Ftesident. is Moptcd for the iaatructlon of troops whoa 



" Accorilingly, instn 
(sd all additions to or i 
podllvelj forbidden. 



HEAVY ARTILLERY TACTICS.— 1863. Instruction for Heavy 
Artillery ; prepared by a Board of Officers, for the use of the 
Army of the United States. With service of a gun mounted on an 
iron carriage. In I vol., I zmo, with numerous illustrations. Cloth, 

"Washinqtok, D. O., 0cl.sn, I9GJ. f 
"Thia syBlem of HeaTy Artillery TacU(«, preffered under direction of the War DeparUnenI, 
taving been approved by the Prenidcnt, li adopted for the instruction of troops wlien acting ■■ 
beavy artillery. 
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VOLUTIONS OF FIELD BATTERIES OF ARTILLERY. 
Translated from the French, and arranged for the Army and Mi- 
litia of the United States. By Gen. Robert Andekson, U. S. A. 
Published by order of the War Department, i vol., cloth, 31 
plates. $1. 
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GILLMORE'S FORT SUMTER. Official Report of Operationi 
against ihe Defences of Charleston Harbor, 1863. Comprising 
the descent upon Morris Island, the demolition of Fort Sumter, and 
the siege and reduction of Forts Wagner and Gregg. By Maj.-Gen. 
Q. A. G1LLMO8E, U. S. Volunteers, and Major U. S. Corps of Engi- 
neers. With 76 lithographic plates, views, maps, etc i vol., 8vo. 
Cloth, $10; Half-Russia, $12. 

" Gcneriil Glllroore has enjoyea and Improved Bomo rery nriisnal opportunitlcB tot nilcllEg to 
ILe literarara of mililnry soience. «na for making a pacmanent record of hia owi. profceBiiniil 
■cbloTemente. It liaa fallen \a Ms lot to couduct eome of tbe most etrlking opeiatJuua cif III* 
war, sud to make fiia! of Interesting eipetimenta In englaeering and artillery which wore botU 
calculated to Ihron light upon some of the great points of current dlscneslon in mlUtuy att, aud 
also to is. the attention of apectatotB In no ordinary degree. 

"HIa report of the fieEeof Fort PulaBld iliiis 
treatise ; and we now have his report of his opera 

to the pubUc In a rolume which promises to be even more attractive at hi 
•cisntiflc.iiid tbe general reader, tlian Its predecessor. 

"The YOliinie la illustrated by seventy-sli plates and views, which are ad 
«nd by a few ezcellent maps; and indeed the whole style of publication is 1 
the lilglieol credit npou the publishers."— ilosion DiMy AdiirliseT, 



SUPPLEMENTARY REPORT to the Engineer and Artillery Opera- 
tions against the Defences of Charleston Harbor in 1863. By 
Major-General Q. A. Gillmore. U. S. Volunteers, and Major U. S. 
Corps of Engineers. With Seven Lithographed Maps and Views. 
I vol, 8vo. Cloth. $5. 



SIEGE AND REDUCTION OF FORT PULASKL GEORGL\. 
Papers on Practical Engineering. No. 8, Official Report to tha 
U. S. Engineer Department of the Siege and Reduction of Fort Pu- 
laski, Ga., February, March, and April, i86z. By Brig. -Gen, Q. 
A. Gillmore, U. S. A, Illustrated by maps and views, i vol., 
8vo, cloth, $2.50. 



PRACTICAL TREATISE ON LTME3, HYDRAULIC CE- 
MENTS, AND MORTARS. Papers on Practical Engineering, 
U. S. Engineer Department, No, 9, containing Reports of numerous 
experiments conducted in New York City, during the years 1S58 to 
1861 inclusive. By Major-General Q. A. Gillmore, U. S. Volun- 
teers, and Major U. S, Corps of Engineers. With numerous illus- 
trations. One volume, octavo. Cloth. $4. 



I^YSTEMS OF MILITARY BRIDGES, in Use by the United States 
J Army ; those adopted by the Great European Powers ; and such 
as are employed in British India. With Directions for the Preserva- 
tion, Destruction, and Re-establishment of Bridges. By Maj.-Gen. 
George W, Cullum, Lieut. -Col. Corps of Engineers, United Statej 
Army, i vol. octavo. With numerous illustrations. Cloth, $3. 50. 
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MILITARY BRIDGES : For the Passage of Infantry, Artillery, 
and Baggag-c-Trains ; with suggestions of many new expedients 
and constructions for crossing streams and chasms ; designed to 
utilize the resources ordinarily at command and reduce the amount 
and cost of army transportation. Including also designs for Trestle 
and Truss-Bridges for Military Railroads, adapted especially to the 
wants of the Service of the United States. By Herman Haupt, 
Brig. -Gen. in charge of the construction and operation of the U. S. 
Military Railways, Author of "General Theory of Bridge Construc- 
tion, &c." Illustrated by sixty-nine lithographic engravings. Oc- 
tavo, cloth. $6.50. 
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EN^rS MILITARY LAW. A Treatise on Military Law and the 
Practice of Courts- Martial. By Col. S. V. Benkt, Ordnance De- 
partment, U. S. A., late Assistant Professor of Ethics, Law, &c.. 
Military Academy, West Point. I vol., 8vo, sixth edition, revised 
and enlarged. Law sheep. $4- 50. 

" Captain Ben^t presents the army with a complete coi 
of rare value which liave accumulated ainee the erf 
Uioronghly digested and judicionaly arranged, with a 
Milit»i7 Law and Courts-Martial are treated from the ■ 
end Sentence, with U)e Kevtslon and Hiecation of th€ 
style that is a cardinal excellence in every work of legal ri 

devoted to Evidence Is especially good. In ihct, the whole perlhrmance cntlUes the author Xa 
thethank«of the entire anoj, not a leading oSlcer of which should Ihil to snpply himself at oaoe 
with BO servicealilo a guide to the Intncacioa of legal military government."— JV. Y. Times. 

JnDHE-AUVOCAIB GENttlti),'S Ofpiob, ) 

• • • So Rr as 1 hare heen onaWcd to examine this folnme, it seeioB to me carefally and 
■ccarately prepared, and lam aatlsfled that yon have rendered an acceptable servico tolhe»rmy 
and the country by Its pnblicatlon at this mornent. In coneeqiienoo of the gigantic propoiliona 
BD snddenly assomod by the military opeiaiiona of the Government, there have been u'^ccBsaril; 
called into the field, from civil life, a vast nnmber of offlcers, unHcqnainted, from their piSTiouB 
studies and pursuits, both with the principles of military law and with the course of Jndidal 
proceedings nnder It. To all such, this ti'eatiae will prOTo na easily accessible cloicbobse at 
knowleilge, which It is equally the duty of the soldier iH commind to scqnire, aa it ia to draw 
his Bword agaiiiai tho common enemy. The military spirit of our people now belpg "hDroni^blr 
aroused, added to a gtowing conviction that fn future we maybavato depend qnite as "UhcIil upon 
tha bayonet as upon the ballot-box for tbe preservation of our institutions, cannot 1^1 to secura 
to this worli an extended and earnest appreciation. In bringing the results of lai.'lelatlos and 

Interest and uaefuluess of the volume. Very respectfully, 

Tour obedient aSTvant, J, HOLT. 



HALLECK'S INTERNATIONAL LAW ; or. Rules Regulating tha 
Intercourse of States in Peace and War. By Maj.-Gen. H. W. 
Hallkck, Commanding the Army. i vol., 8vo. l*w sheep- 
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I). Van N'osirand^s FuUicaiions. 

EPORT OF THE ENGINEER AND ARTILLERY OPERA* 
TIONS OF THE ARMY OF THE POTOMAC, from its Or- 
ganization to the Close of the Peninsular Campaign, By Maj.-Gen, 
J. G. Barnard, and other Engineer Oflicers, and Maj.-Gen. W. F. 
Barry, Chief of Artillery. Illustrated by numerous Maps, Plans, 
&c. Octavo. Cloth. $4. 

" The title of this worH aufllcienOy [iidlcatee its Imporfaaca and valuo as.a conlrlbnllon to tha 
MBtorjr of the great fcbelllon. Geo. Bamara'a report la a nnrrativi; of the engineer opotatlona 
of llio Army of the Potomac from the time of its orgsuizatlon to tha date it was withdraw* 
from the James Kiver. Thu9 a record la given of aa importanl part In the great B-orlt which 
the nation found before it when it waa first eonlrooted with the necessity of war, and perlmpa 
on no other point in the annals of Uie rehelllon will fotura genorationa look with a deeper or 
Bwre aiiroltiog interest."— J!Iit,f.;to CWriir. 

THE "C. S. A.," AND THE BATTLE OF BULL RUN. (A 
ILetter to an English friend), by Major J. G. Barnard, Colonel 
of Engineers, U. S. A, , Major-General and Chief Engineer, Army 
of the Potomac. With five maps, i vol., 8vo. Cloth. $2. 

THE PENINSULAR CAMPAIGN AND ITS ANTECEDENTS, 
as developed by the Report of Major-General Geo. B. McClellan, 
and other published Documents. By J. G. Barnard, Colonel of 
Engineers and Brevet Major-General Volunteers, and Chief En- 
gineer in the Army of the Potomac fiom its organization to the close 
of the Peninsular Campaign, i vol., lanio. Paper, 30 cents. 

OTES ON SEA-COAST DEFENCE : Consisting of Sea-CoasI 
~ 'fication ; the Fifteen-Inch Gun ; and Casemate Embrasure. 
By Major-General j. G. Barnard, Col. of Corps of Engineers, 
U. S. A. I vol., 8vo. Cloth. Plates. $2. 

ANUAL FOR ENGINEER TROOPS ; Consisting of— Part L 

Ponton Drill ; XL Practical Operations of a Siege ; III. School 

of the Sap; IV. Military Mining; V. Construction of Batteries. 

By General J. C. Duane, Corps of Engineers, U. S. Army, i vol., 

i2mo. Half morocco. With plates. $2.50, 

I have carefully cismlned Capt. J. C. Dnane'a ' Sfanual for Engineer Tronps.' anil do not 
.late to pronounce it the very best work on tile subject of which it treats. 

'■ O. W. HALLECK, Major-acneral U. 9. A." 
A work of this kind hae hecB much needed In our military llteratura. For the Anny't 
1, Ihope thebookwillhitreawidecltcalatlon among ite oflicers. 

"G. B. MeCLELLAN, Mnjor-flencra! U. 8. A." 

TREATISE ON MILITARY SURVEYING. Theoretical and 
t Practical, including a description of Surveying Instruments, By 
G. H, Mendell, Major of Engineers, i vol., i2mo, Wiih nu- 
ll lustrations. Cloth. $z. 
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"The author is a Captain of Engineers, and lias for Mi chief auOloritiefl HalneuTa, Ln 
»nd Slmms. He has preeeated tlie subject In > simple form, and has Itherally illustrated i 
diagtami, that it may ha readily comprehended by every one who la liable to bi' called r 
lUniish a military slietch of a portion of country."— X T. Eiviii'tg I^l. 
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Military Boots, li 

I3B0T (H. L.) Siege Artillery in ihe Campaign against Richmond, 
with Notes on the 15-inch Gun, including an Algebraic Analysis 
of the Trajectory of a Shot in its ricochet upon smooth Water. Il- 
lustrated with detailed drawings of the U. S. and Confederate rifled 
projectiles. By Henry L. Abbot, Major of Engineers, and Brevet' 
Major-General U. S. Volunteers, commanding Siege Artillery, Armies 
before Richmond. Paper No. 14, Professional Papers, Corps of 
Engineei-s, I vol., 8vo. Cloth. $3. 50. 

AUTHORIZED U. S. INFANTRY TACTICS. For Ihe Instruc- 
tion, Exercise, and Manceuvres of the Soldier, a Company, Lina 
of Siiirmishers, Battalion, Brigade, or Corps d'Arm^e. By Brig,- 
Gen. Silas Casey, U. S. A. 3 vols., Z4mo. Vol. I.— School of 
the Soldier; School of the Company; Instruction for Skirmishers. 
Vol. II.— School of the Battalion. Vol. HI. Evolutions of a Bri- 
gade ; Evolutions of a Corps d'Armfie. Cloth, lithographed plates. 

ORRIS'S INFANTRY TACTICS. Comprising the School of 
the Soldier, School of the Company, Instruction for Skirmishers, 
School of the Battalion, Evolutions of the Brigade, and Directions 
for Manceuvring the Division and the Corps d' Arm ee. By Brig. - 
Gen. William H. Morris, U. S. Vols., and late U. S. Second In- 
fantry. 2 vols., Z4mo. Cloth. %2. 

US. TACTICS FOR COLORED TROOPS. U. S. Infantry Tac- 
• tics, for the Instruction, Exercise, and Manceuvres of the Soldier, 
a Company, Line of Skirmishers, and Battalion, for the use of the 
Colored Tkoops of the United States Infantry, Prepared under the 
direction of the War Department, i vol., Z4mo, Plates. Cloth. 
J1.50. 

"WiBDBPiKTMEBI, WAflHlHOTOlf, Mttrch H, 1SS8. 

"ThiB Bjstem of United Slates Infantty Tactics, prepared nnilar the direction of the Wm 
Department, for tie use ot the colored troopa of the United States lutiiitry, having been 
ipprovedbj Ihe Freeident, Is adopted for Uie instruction of ancli troops. 

"BDWIN M. STANTOtr, SecrelarrorWar." 

FIELD TACTICS FOR INFANTRY. Comprising the Battalion 
movements, and Brigade evolutions, useful in the Field, on the 
March, and in the presence of the Enemy. The tabular form is 
used to distinguish the commands of the General, and the com- 
mands of the Colonel. By Brig. -Gen. Wm. H. Morris, U. S. Vols., 
late Second U, a Infantry. i8mo. Illustrated. 75 cents. 

LIGHT INFANTRY COMPANY AND SKIRMISH DRILL. 
The Company Drill of the Infantry of the Line, together with the 
Skirmish Drill of the Company and Battalion, after the method of 
General Le Louterel. Bayonet Fencing; with a Supplement 00 
the Handling and Service of Light Infantry. By J. Monroe, Co!, 
22d Regiment, N. G., N. Y. S. M., formerly Captain U. S. Infantry^' 
I vol., 32mo. 75 cents. 

SCHOOL OF THE GUIDES. Designed for the use of the Militia 
of the United States, Flexible cloth. 60 cents. 
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12 D. Van ITosirand's Puhhcations. 

STANDING ORDERS OF THE SEVENTH REGIMENT, 
NATIONAL GUARD. For the Regulation and Government o' 
the Regiment in the Field or in Quarters. By A. Duryea, Colonel 
New Edition. Flexible cloth. 50 cents, 

HETH'S SYSTEM OF TARGET PRACTICE : For the use of 
Troops when armed with the Musket, Rifle-Musket, Rifle, or Car- 
bine. Prepared, principally from the French, by Captain Hesrt 
Heth, loth Infantry, U. S. A. i8mo. Cloth. 75 cents. 

SWORD-PLAY. The Militiaman's Manual and Sword-Play without 
a Master. — Rapier and Broad-Sword Exercises, copiously Explained 
and Illustrated ; Small-Arm Light Infantry Drill of the United Statea 
Army ; Infantry Manual of Percussion Muskets ; Company Drill of 
the United Stales Cavalry. By Major M. W. Bekuiman, engaged 
for the last thirty years ia the practical instruction of Militaiy Stu- 
dents. Fourth edition. I vol., i2mo. Red cloth. $1. 
PATTEN'S INFANTRY TACTICS. Containing Nomenclature of 
the Musket; School of the Soldier; Manual of Arms for the. 
Rifle Musket; Instructions for Recruits, without regard to Arms; 
School of the Company ; Skirmishers, or Light Infantry and Rifla 
Company Movements ; the Bayonet Exercise ; the Small-Sword Ex* 
ercise ; Manual of the Sword or Sabre. i2mo. 92 Engravings. 
Paper. 50 cents. 

PATTEN'S INFANTRY TACTICS. Contains Nomenclature of tha 
Musket ; School of the Company ; Skirmishers, or Light Infantry 
and Rifle Company Movements ; School of the Battalion; Bayonet 
Exercise ; Small-Sword Exercise ; Manual of the Sword or Sabre. 
i2rao. 100 Engravings, Paper, Revised edition. 75 cents. 

NEW BAYONET EXERCISE. A New Manual of the Bayonet, 
for the Army and Militia of the United States. By General J. 
C, Kelton, U, S. a. With Forty beautifully-engraved Plates, 
Fifth edition, revised. Red cloth, $2. 
This Manual waa prepared for the use of tlie Corps of Cadeta, and has been 
introduced at tlie Military Academy with Batiafactory results. It is simply tha 
thoorj oF tlie attack and defence of the sword applied to Oie bayonet, on tha 
BUtllority of men skilled in the use of arms. 

The Manual contains practical lessons in Fenclog, and prescribes tho clafenco 
against Cavaliy, and the manner of conducting a contest wiUi a sworilsmau. 

" Tlila work metlts a tavorable reception at the handaotoUmUttBiy men. It conUina ail tin 
iBBtmcdon neccBBftry to enable an officer lo drill his loea lii tlie use of this weaijon. Tli« 
■ufioductiai] of the Babre Bajionet In our arm; renders a liuovledge of the exercise moi'e Im- 
peiatiTB."— JVew York Times. 

RHYMED TACTICS. BY "GOV." i vol., i8mo. Paper. With 
portraits, 25 cents, 

IKTS TO COMPANY OFFICERS ON THEIR MILITARY 
DUTIES. By Gen. C. C. Andrews, Third Regt. Minnesota 
Vols. I vol., i8mo. Cloth. 60 cents. 

"This U a taanil-book of good tiiactical advice, nhieh ofQceia of iiU ranla mof atudjwltt 
idvantaga. ' '—PMiculelp/iia IViu. 
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AUSTRIAN INFANTRY TACTICS. Evolutions of the Line as 
practised by '.he Austrian Infantry, and adopted in 1853. Trana- 
lated by Captain C. M. Wilcox, Seventli Regiment U. S. Inlantiy. 
1 vol., izmo. Three large plales. Cloih. $1, 

VIELE'S HAND-BOOK. Hand-Book for Active Service, contain- 
ing Practical Instructions in Campaign Duties. For the use of 
Volunteers. By Brig. -Gen. Egbeki- L. Vsele, U. S. A. i2mo. 
Clolli. $1. 

THE BATTLE-FIELDS OF VIRGINIA. Chancellorsville, em- 
bracing the Operations of the Army of Northern Virginia. From 
the First Battle of Fredericksburg to the Death of Lt.-Gen. S. J, 
Jackson. By Jed. Hotchkiss and William Allan, i vol., 8vo, 
Clolh. Illustrated with Maps and Portrait of Stonewall Jackson. 
$5- 



CAMPAIGN OF MOBILE, including the Co-operation of General 
Wilson's Cavalry in Alabama. By Brevet Maj-Gen. C. C. As- 
CREws. With Maps and Illustrations. 8vo. Cloth. $3.50. 

"This 1b Bn elaborate aeconnt of a memonihlo csmpaign conducted bj Genera! t^nbjiritb 
groat BklH, and restilttng in a great anceeaa. That anccasa, owing tu the ftct that It gccuned «l 
the time the rehelllou collapaed in Vlrgiiiia, haa not occupied !d the public mind the place due bn 
Itainliinaic Importance and the generalship which mads it passible. To military reader*, 
however, the campaign must be of more than ordinary Interest."— Bosfora Transcript. 

RIFLES AND RIFLE PRACTICE. An Elementary Treatise on 
the Theory of Rifle Firing ; explaining the Causes of Inaccuracy 
of Fire and the manner of correcting it, with descriptions of the 
Infantry Rifles of Europe and the United States, their Balls and Car- 
tridges. By Captain C. M. Wilcox, U. S. A, New edition, with 
engravings and culs. Green cloth. $2. 

"Althongh eminent])' a scientlllc work, special care seems to have bi>en taken to avoid ll« 
nse of technical terms, and to make the whole subject comprehensible tn the pructica) Iniiiilrer. 
Tt was designed chiell)' for 
evinced Ita approval of its 
nac of tiie United States Ai 
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IFLED ORDNANCE : A Practical Treatise on the Application of 
the Principle of the Rifle to Guns and Mortars of every calibre. 
■Jo wnich is added a new theory of the initial action and force of 
Fired Gunpowder. By Lynall Thomas, F. R. S. L. Fifth edition, 
revised. One volume, octavo, illustrated. Cloth. $3. 
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14 D. Van KostrancVs PuhUcations. 

THREE YEARS IN THE SIXTH CORPS. A concise iiarrativa 
of events in the Army of the Potomac from 1861 to the Close of 
the Rebellion, April, 1865. By Geo. T. Stevens, Surgeon of tha 
77th Regt. New York Volunteers. Illustrated with 17 engravings 
and 6 steel portraits. New and revised edition. 8vo. Cloth. $3. 



D'lmber of wofld-cuLs, ftcoompiny this ediUon." — ^a^ 

THE VOLUNTEER QUARTERMASTER. Containing a Collec- 
tion and Codiacation of the Laws, Regulations, Rules, and Prac- 
tices governing the Quartermaster's Department of the United Slatea 
Army, and in force March 4, 1865. By Captain Roeliff Briuxek- 
HOFF, Assistant Quartermaster U. S. Volunteers, and Post Quarter- 
master at Washington. I vol., 1 2 mo. Cloth. $2.50. 



M 



ANUAL FOR QUARTERM.\STERS AND COMMISSARIES. 
Containing Instructions in the Preparation of Vouchers, Ab- 
stracts, Returns, &c., embracing all the recent changes in the Army 
Regulations, together with instructions respecting Taxation of Sal- 
aries, &c. By Captain R. F. Hunter, late of the U. S. Army. 
I anio. Cloth. $1, 2$. Fle.'iible morocco. $1. 50. 

THE WAR IN THE UNITED STATES. A Report to the Swiss 
Military Department. Preceded by a Discourse to the Federal 
Military Society assembled at Berne, Aug, 18, 1862. By Fkrdinano 
Lecomte, Lieut-Col. Swiss Confederation. Author of "Relation 
Hlstorique et Critique de la Campagne d'ltaiie en 1859," " L' Italic 
en i860," and " Le General jomini, sa Vie, et ses Ecrits," &c., &c. 
Translated from the French by a Stalf Officer. i vol, i2mo. 
Cloth. $1. 

TODLEBEN'S (GENERAL) HISTORY OF THE DEFENCE 
OF SKBASTOPOL. By William Howard Russell, LL.D., of 
the London Times. I vol., j2mo. Cloth, $2. 

GUNNERY IN 1858. A Treatise on Rifles, Cannon, and Sporting 
Arms. By Wm. Greener, R. C. E. i vol., 8vo. Cloth. $4. Full 
calf. $6.00. 

MjVNUAL OF SIGNALS, for the use of Signal Officers in tho 
Field, and for Military and Naval Students, Military Schools, 
&c. A new edition, enlarged and illustrated. By Brig. -Gen. Alberi 
Y. Myer, Chief Signal Officer of the Army, Colonel of the Signal 
Corps duiing the War of the Rebellion. A new edition, enlarged, 
and illustrated with 43 Plates. i2mo. Roan, $5. 
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MiJitary Boohs. 15 

ANUAL OF INSTRUCTIONS FOR MILITARY SURGEONS, 
in iVie Examination of Recruits and Discharge of Soldiers. 
With an Appendix containing the Official Regulations of the Pro- 
vosl-Marshal-General's Bureau, and those for the formation of the 
Invalid Corps, &c., &c. Prepared at the request of the United 
Stales Saniiary Commission. }3y John Ordroxaux, M. D., Pro- 
fessor of Medical Jurisprudence in Columbia College, New Yoric. 
i2ir.o. Half morocco. $1.50, 
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INTS ON THE PRESERVATION OF HEALTH IN AR- 
MIES, For the use of Volunteer Officers and Soldiers. By John 
Orbronaijx, M. D. New eJition, iSmo, Cloth. 75 cents. 

SIEGE OF BOMARSUND (1S54). Journals of Operations of the 
Artillery and Engineers. Published by permission of the Minister 
of War. Illustrated by Maps and Plans. Translated from the 
French by an Army Officer. lanio. Cloth. $1. 

PATTEN'S ARMY MANUAL. Containing Instructions for Officers 
in the Preparation of Rolls, Returns, and Accounts required of 
Regimental and Company Commanders, and pertaining to the .Sub- 
sistence and Quartermaster's Departments, &c., &c. 1 vol., Svo. 
Cloth. $2. 

TREATISE ON THE CAMP AND MARCH.- With which is 
connected the Construction of Field-Works and Military Bridges ; 
with an Appendix of Artillery Ranges, &c. For the use of Volun- 
teers and Militia in the United States. By Captain Henry D. Graf- 
ton, U. S. A, I vol., i3mo. Cloth. 75 cents. 

THE AUTOMATON REGIMENT; OR, INFANTRY SOL- 
DIERS' PRACTICAL INSTRUCTOR. For all Regimental 
Movements in the Field. By G. Dougl.vs Brswerton, U. S. Army. 
Neatly put up in boxes, price |i. When sent by mail, $1.40. 

Tb* "AutomnlOD Htglmi.Tit" iK a simple coniblaatiou of blnol:a anil eoualorB, so arranged «i<l 
Aialgiiated b; n inrelully uOBi'ldei'ed coauast of eolors, that tt supp^loatha Eludsnt nltli a, porl'ect 
nUniaturareg^m&t, In whteli tbopositlou in the battalion, of cocli cnnipaiiy> and of fvery oiScer aud 
manlnincli diviiioa.O[Hil;nBy,pU.kioa,»!ii aaclLon, is oloariy inlkatei. It BLppIloi tho Biudiatij 

(lieorj bj manoBurrlde a mlmlo [Bglinoal, 

THE AUTO.MATON COMPANY ; OR, INFANTRY SOLDIERS' 
PRACTICAL INSTRUCTOR. For all Company Movements iii 
the "Field. By G. Douglas Brewerton, U. S. A. Price, in boxes, 
$1.25. When sent by mail, $1.95. 

THE AUTOMATON BATTERY ; OR, ARTILLERISTS' PRAC- 
TICAL INSTRUCTOR. For all Mounted Artillery Manceuvrei 
in the Field. By G. Douglas Brewerton, U. S. A. Price, in 
boxes, $1. When sent by mail, $1.40. 
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X). Van JSfostrand^s PuhLcaiions. 

ERvlFANT'S ROLL BOOK, FOf, TFE COMPANY, DETAIL, 
ASD SQUAD. Pocket-book fo m. $1.25. 

IIITARY MEASURES OF THE UNITED STATES CON- 
GRESS, 1861-65. By Hon H/^by Wilson. 8vo. Paper. 
50 cenis. 

lEllER ON GUERRILLA PARTIES. Guerrilla Parties consid- 
' creel with reference to the Laws and Usages of War. Written at 
the reqtiest of Major-General Henry W. Halt.eck, General-in-Chief 
of tlie Army of the United States. By Francis Lieber. izmo. 
Paper, 25 cents. 

NION FOUNDATIONS. A S'udy of American Nationality, as a 

Fact of Science. By Captain E. B. Hunt, Corps of Engineers, 

U. S. A. 1 vol., 8vo. 30 cents. 

•T'EXAS, AND ITS LATE MILITARY OCCUPATION AND 

1 EVACUATION. By Captain Edwin D, Phillips, 1st Infantry, 

U. S. A. 8vo. Paper. 25 cents. 

TNSTRUCTIONS FOR THE GOVERNMENT OF ARMIES OF 

X THE U. S. IN THE FIELD. Prepared by Francis Lieber, 

LL.D., and revised by a Board of Officers, and approved by the Wat 

Department, in General Order No. 100. i2mo. Price 25 cents, 

paper covers. 

piCKETT'S MEN. A Fragment of War Histoiy. By Col. Waltes 
^ Harrison. With portrait of Gen'I Pickett. i2mo. Cloth. $2. 
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PORTRAIT GALLERY OF THE WAR, CIVIL, MILITARY, 
AND NAVAL, A Biographical Record. Edited by Frank 
MooRK. Illustrated with sixty fine portraits on steel, i vol., 8vo, 
Cloth, $6 ; cloth, full gilt, $7. 50. 

NOTES ON HORSES FOR CAVALRY SERVICE, embodying 
the Quality, Purchase, Care, and Diseases most frequently en- 
countered, with lessons for bitting the Horse, and bending the neck. 
By Bvt. Major A, K. Arnold, Capt. jth Cavalry, Assistant Instructor 
of Cavalry Taclic.s, U. S. Mil. Academy. i8mo. Illustrated, Clo. 75cts. 

REPORT TO THE GOVERNMENT OF THE UNITED STATES 
ON THE MUNITIONS OF WAR exhibited at the Paris Univer- 
eal Exhibition, 1867. By Charles B. Norton, U. S, V,, and W. J. 
Valentine, Esc]., U. S. Commissioners. With 80 illustrations, i vol., 
8va. Cloth. Published at $5.00; now reduced to $3 . 50. 
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LIPPITT. A Treatise on the Tactical Use of the Three Arms ! 
Iiifenfry, Artillery, and Cavalry. By Fkancis J. Lippitt, Es- 
Colonei Second Infantry, California Volunteers, &c., &c. i2rao. 
Cloth. $1.25. 

"Thetoreuitlon, the manner ot use. snd the generaHumdling are very practically prenentwl, 
*nd w« »re gUd to see thai, while roany of the iUusMative eismplea are taliBa trom tk< 
Kapoleonlc wars, our own war his not been neglected. We tecDininend this book for use at * 
■Imple, Bccurtlc. and biief manual In military laEtitutiODB, and for IsetnicliDn la BllUtla 
orgaDlzatiOBD."- - United Staitt Seriici Ma^atine, 

LIPPITT. A Treatise on In trench ments. By Francis J. Lippitt, 
Ex-Colunel Second Infantry. California Volunteers, Ac., &c. 
Illustrated hy 41 engravings, izmo. Cloth. $1.50. 

"■ It l8i brief but fiomprehenitve atatement of all thatneods t« be known npon the iubject by 
any escept profesaioual engineers. All the principles of tha art of field lonificaiion are clearly 
Kplalned, witb copl<.4B Uluatiatloni. drawn ^m mllllary history, especially from the open- 
Uun« of one late war, the whole made plaia by diagrams."— 4™ji ond JTauff Jouraal. 

LIPPITT. The Special Operations of War : comprising the Foiving 
and Defence of Defiles ; the Forcing and Defence of Rivers, and 
the Passage of Rivers in Retreat ; the Attack and Defence of Open 
Towns and Villages ; the Conduct of Detachments for Special Pur- 
poses, and Notes on Practical Operations in Sieges. By Francis j. 
Lippitt, Ex-Colonel Second California Infantry, &c., &c. With 
illustrative cuts. izmo. Cloth. $1.25. 

It and iinpor> 
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LIPPITT. Field Service in War : comprising Marches, Camps, and 
Cantonments, Outposts, Convoys, Reconnaissances, Foraging, 
and Notes on Logistics. By Francis J. Lippitt, Ex-Colonel Second 
California Infant ly, &c., &c. 1 vol., izmo. Cloth. $1.25. 

EAD. A New System of Fortifications. By George E. Hea3, 
■.. M., Capt. 2910 Infantry, and Bvt, Major U. S. Araiy. 
4ta Illustrated. Paper $i.oa 

SERVICE MANUAL for the Instruction of newly appointed Com- 
missioned Oflicers. and the Rank and File of the Army, as com- 
piled from Army Regulations, The Articles of War, and the Cusoma 
of Service. By Henry D Wallen, Bvt. Brigadier-GeiiCTal U. S. 
Anny. izmo. Clo. $1.50, 

In my estimation. Gen. Wal'cn's Service Uannsl 19 a boot of great niBe. tt conl^ni do! mif •• 



9i taD|[ht in my rof imjjt ao 1 at tho Pitai wjcre i caumano. 

ColoDPl 131 Artmor] 



dbyGoogle 



18 D. Van Ifosirand's Publications. 

REBELLION RECORD. A Diaty of American Events. iB6o~ 
1864. Edited by Frank Moore, Complete in iz Volumes. 
Illustrated with 158 finely engraved steel portraits of distinguished 
Generals and Prominent Hen, together wiih numerous Maps and 
Plans. The work can now be supplied complete in 12 volumes al 
the following prices, viz. : Green cloth, $60.00 ; library sheep, 
t73.cc; half calf, antique, J78.00; half morocco, $78.00; half 
Russia, $84.00. 

ft!i irork la b compeodinm of lofbrmBtloti, made up of nprcial coireBpondencs, offlcla. i* 
ports, and gleantDga rrom Ihu nowapaperi nf both BecCtonB of the United Slated ftod of Eari>p«, 
Of these latter, over Hto hntdred are used In lu preparation. 

The HEBEiitoN Recobp has no* become so llrmly established as the stondard aulhiillj ol 
the war that individuals In all depattmeota a! the Ann;, Navy, and Oovernmcat are CUJistanllf 
leTerrlng tall, for oartalives of ImpoclsnC ct'eota, and official reporla unpublished elseH'hcrc. 

In addition to this, moat of the speechea, narratlvcB, fcc, elsewhere publlBhed, hasB baon r» 
Tl»ed by their authora, specially for the Record. 

The cdltot has nimed at completeness, accaracy, and impartiality. Completeness has been 
Becnred by the fiiUesl poaaibie sonrcea of Information. Acciiracj hoa been attained by defecrliij 
pabiicalioQ of all matter lon^ enough after events Ibr the Bcconiita of them to be lifted. Im- 
partiality has been a epecial object. Every authority ttom the Southern side has been aought 
for without regard to labor or eipenec, and all statements and docnmenta have been inserted ai 
orieiually found, without editorial comment of any kind. 

The Rebbllioh Escoud ia already the main sonrca of bistotj of Iho war. Most of the hieto 
riea of the war yet published have been. In a sreat meafnre, compiled ftom the Kebelliob 
Repobd. Thia Is proved by the fkct that docnmenta cited in Ihoae works are quBled in (AtpAra- 
nOtogs qf the copie» rr.'ised fiy their auUiore aperiaily/or thi Secord, and published ru/where iltt 

This workisof apcidalTalaa to itateamen. Inasmuch as the coursflaud policy of all prominent 
men are fuJly traced In it. 

It is Indispeneable lo lawyers. A l(i^ and Increastn^ amount of litigation Is arialni; on sub- 
jects connected with the war, and tlie Kibeluok Hecord la the only complete repositoiy ot 
evidence and authority. All Important Laws and leading Decisions arising out of the war ai« 
reporled in it ; and It h»a already been received aa authentic evtdenco in trial for Piracy and 
Treason In llie United Sulea Courts of Philadelphia, New York, Boatoa, and San Ftancisco, 

The Philadelphia Prai, of October 36, ISei, thus speaks of it : 

" During the trial, which terminated yesterday, for piracy, of one of the crew of the JalT 
Davis, a great deal of eviflence was offered by the counsel for defence ta^en from Fiiajir 
HooRs'g Rbbellioh Record, and received by Judges Grier and Cadwalisder, who presided. 
This la a remarkable compliment to the work hi queation ; but not higher than It merits, Horn 
the fhlness and fiiimeBS of Its varions Information respecttoe the rebellion. It is the flrst time 
In Isgal and literary tlalory that a book not yet completed has been so stamped with authen- 
ticity as to be admitted ae evidence in a court of law, and on a trial for a capital offence." 

■'We presume that there can bono qooetion tliat there never wag so complete a body of nt#- 
maJrei ;wur serrir publiahed aa this, and at least that it Is destined to be the resort of all ttioB4 
wlio wish lo study, from ■ polkUcal, social, or mlUtary point of view, the events of the yean 
ISGO-es. That no libraries Bt to be called snch, «4ielhcr public or private, can dispense with il 
la oerlain. The portraits of prominent officers and politicians which have generally accomp*- 
Died each monthly part, have been of a high order of eicellonce, and add materially tu tlia nlra 
Hd altnctlnDm ot the Am>dbii."-7»* JToMm. 
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A TREATISE ON ORDNANCE AND NAVAL GUNNERY. 
Compiled and arranged as a Text-Book for the U. S. Naval Ac^ 
emy, by Commander Edward Simpson, U. S. N. Fourth editiorf, 
revised and enlarged, i vol., 8vo. Plates and cuts. Cloth. $5. 

" As the compiler has charge ol the inalractlon tn Naval Oimnery at the NavaJ Acailein j, 
tila vtoti, in the compilation of which ho ho,e conecilted a large nDtnber of eminent intliDritlcs, 
1b probably well suited for the putpoee dflslgned bj H— namEly, the clrcnlaOon of Intor- 
matiou whlcli man^ officers. owIur to conBMnt service afloat, maj not have bsen ableto cqj- 
fcct. Ill simple and pl^ langoage It ^vea InBlitictioti aa to cannon, gnn^iarrfagBs, gn^ 
ponder, proJocHlea, fuaei. locks tmd primers ; the.theoiT of pointing gaia, rlflea, ilie practk* 
•f gminery, and a great variety of otiier aimUar matlen. Interesting toBgbting men on sea and 
tond."— Woe/iinglon Ztoiif Gtobe. 

GUNNERY CATECHISM. As applied lo ibe service of Naval Ord- 
nance. Adapted to the latest Official Regulations, and approved 
by the Bureau of Ordnance, Navy Department. By J. D. Brandt, 
formerly of the U. S. Navy. Revifeed edition. I vol., iSmo. 
Cloth. $1.50. 

" BcBiAti or Ordsahce— Natt Defabtmbnt, I 
Washington City, Jiiiy 30, 16M. f 
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ORDNANCE INSTRUCTIONS FOR THE UNITED STATES 
NAVY. Part I. Relating to the Preparation of Vessels of W«r 
for Battle, and to the Duties of Officers and others when at Quarters. 
Part II. The Equipment and Manceuvre of Boats, and Exercise of 
Howitzers. Part III. Ordnance and Ordnance Stores. Published 
by order of the Navy Department, i vol., Svo. Cloth. Wifc 
plates. $5. 

THE NAVAL HOWITZER ASHORE. By Foxhall A. Paruw, 
Captain U. S. Navy, i vol., Svo. With plates. Cloth. $4;Otv 
Approved by the Navy Department. 

THE NAVAL HOWITZER AFLOAT. By Foxhall A. Parkes, 
Captain U. S. Navy. 1 vol., Svo. With plates. Cloth. $4-oa 
Approved by the Navy Department. 
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20 D Van NQstrancCs Publications. 

GUNNERY INSTRUCTIONS. Simplified for the Volunteer Officen 
of the U. S. Navy, with hints to Executive and other Of&cers. By 
Lieutenant Edward Barrett, U, S. N., Instructor of Gunnery, 
Navy Yard, Brooklyn. I vol., i2mo. Cloth. $1.25. 

'It U a thoran^ worlc, treUlDg plainly en tts snl^ect, and cont^iu alaa eome Taintible blnli 
(o u«ca(lYB oScers. Ho offlcoi la tha.voliiiiteer narr ebonld b> iritliont 1 copy."— &«&is 
Fuming Travelta: 

CALCULATED TABLES OF RANGES FOR NAVY AND 
ARMY GUNS. With a Method of finding the Distance of an 
Object at Sea. By Lieutenant W. P. Buckner, U. S. N. i vol., 
8vo. Cloth. $1,50. 

NAVAL LIGHT ARTILLERY. Instructions for Naval Light Ar- 
tillery, afloat and ashore, prepared and arranged for the U. S. 
Naval Academy, by Lieutenant W, H, Parker, U. S, N. Thirxl 
edition, revised by Lieut S. B. Lock, U. S. N., Assistant Instmctoi 
of Gunnety and Tactics at the United Stales Naval Academy, i 
vol., 8vo. Cloth. With za plates, $3. 

ELEMENTARY INSTRUCTION IN NAVAL ORDNANCE AND 
GUNNERY. By James H. Ward, Commander U. S. Navy, 
Author of "Naval Tactics," and "Steam for the Million," Ne# 
Edition, revised and enlarged. 8vo. Cloth, f z. 

■* It conTeja kd amoBUt of Itifomuthni In tbe ume spina U> In fonnd noyhera elie, and glT«a 
vUh a cleam«sa vhlch nndBH It lueAa u irell lo tha general as the profeesloiial inquirw."— 
V. Y. Ettnlag AM. 

ANUAL OF NAVAL TACTICS ; Together with a Brief Critical 
Analysis of the principal Modem Naval Battles. By Jambs H. 
Wabui, Commander U, S. N. With an Appendix, being an extract 
from Sir Howard Douglas's " Naval Warfare with Steam." i vol., 
8vo. Cloth. $3. 

NAVIGATION AND NAUTICAL ASTRONOMY. Prepared for 
the use of the U. S. Naval Academy. By Prof. J. H. C. Coffin, 
Fourth edition, enlarged. I vol., i2mo. Cloth. $3.50. 

SQUADRON TACTICS UNDER STEAM. By Foxhall A. 
Parker, Captain U. S. Navy, Published by authority of the Navy 
Department i vol., 8vo, With numerous plates. Cloth. $5. 

JEFFERS, Treatise on Nautical Surveying. By Capt W. N. TETFERi 
U. S. N. lUus-jated, 8vo. Cloth. I5. 

OSBON'S HAND-BOOK OF THE UNITED STATES NAVY, 
Being a compilation of all the principal events in the history of 
evety vessel of the United States Navy, from April, iS6j, to May 
1864, Compiled and arranged by B. S. Osbon. i vol. lamo' 

Cloth. $2.^0. 
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ISTORY OF THE UNITED STATES NAVAL ACADEMY. 
With Biographical Sketches, and the names of all the Superin- 
lendents, Professors, and Graduates ; to which is added a Record of 
some of the earliest votes by Congress, pf Thanks, Medals, and 
Swords to Naval Officers. 3y Edward Chauncey Marshall, A. M. 
I vol., lamo. Cloth. Plates. %i. 

AVAL Dl/TIES 4ND DISCIPLINE : With the Policy and Prin- . 
ciples of Naval Organization. By F. A. Roe, late Comtnandei 
U. S. Navy, i vol., i^nio. Cloth. $1.50. 

Pho aathor's design was ondonbtedlj to furnlali jfoang uftlcerB sums general instrnrtlom 
rn iHim long experience, to aid in the tetter dieohargeof tlieir offlcial dutioa, and, at the 
i time, to flirntsh otiier people with a book which \i not technical, and yet Uioron^jhlj 
sMiunal. It throws llj{hl upon the N«Ty— IW taganlaation, its aobleveinenta, lla Interli* 
EverytblDg l« at 'ted aa'tereely aa posulble. and thla la one of the advantages of the bao)L 
Ideruig that the eiperlence and profeaaioDai knowledge of twenty-five jreara' sorilM, 
Towded Bomowhete Into ita psgea."— .Jrms <BUl Navy Journal. 

ANUAL OF THE BOAT EXERCISE at the U. S. Naval Acad- 
emy, designed for the practical instruction of the Senior Class ia 
Naval Tactics. i8mo. Flesible Cloth. 750. 

MANUAL OF INTERNAL RULES AND REGULATIONS 
FOR MEN-OF-WAR. By Commodore U. P. Levy, U. a N., 
iate Flag-Otiicer commanding U. S. Naval Force in the Mediter- 
ranean, &c. Flesiblei blue cloih. Third edition, revised and en- 
larged. 50 centii 

" Among the professional pablicatlona for which we are indebted lo the war, we willingly ^t» 
• prominent place to this useflil little Mannai of Rolee and Eegnlationa to be observed on board 
of ablpa of war. Its anihorship Is a aafflclent gusrsntee for lU accuracy and piactlcal value j 
and as a guide to young oScera in providing Rir the dlaclpUne, police, and sanitary govemmenl 
of the.veaaele under their command, we jtnow ot nothing superior."— Jf. Y. Uetaiii. 

TOTTEN'S N.WAL TEXT-BOOK. Naval Test-Book and Dic- 
tionary', compiled for the use of the Midshipmen of the U. S. 
Navy, by Commander B. J. Totten, U. S. N. Second and revised 
edition. 1 vol., iimo. I3. 

"This work is prepared for the Midshipmen of the United States Navy. It is a tomplet* 
pianual of instructions aa 10 the dutlea wliich pertain to their oiBca. and appears lo have been 
prepared with great care, avoiding errors an^ inacciiraciea which had crept into a former edition 
•f the work, and embracing valuable addlili>nal matter. It la a book which should bo in tba 
hands of every midshipman, and oBlcera of high rank In the navy would ollen &nil it a usafol 
eompauion."— £0(fon JourMil. 

LUCE'S SEAMANSHIP : Compiled from various authorities, and 
Illustrated with numerous Original and Selected Designs. For 
the use of the United States Naval Academy. By S, B. Luce, Lieu- 
tenant-Commander U. S. N. In two parts. Fourth edition, revised 
and improved, i vol., crown octavo. Half Roan, $7.50. 

ESSONS AND PRACTICAL NOTES ON STEAM. The Steam- 
Engine, Propellers, Ac, ic, for Young Marine Engineers, Stu- 
dents, and others. By the late W. R. King. U. S. N. Revised by 
Chief-Engineer J. W. King, U. S. Navy. Twelfth edition, enlarged 
8vo. Cloth. $2. 
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STEAM FOR THE MILLION. A Popular Treatise on Steam and 
its Application to the Useful Arts, especially to Navigation. By J. 
H. Waud, Commander U, S. Navy. New and revised edition, i 
vol., 8vo. Cloth. $1. 

TliE STEAM-ENGINE INDICATOR, and the Improved Mano- 
meter Steam and Vacuum Gauges : Their Utility and Application. 
By Paul Stillmak. New edition, i vol., lamo. Flexible cloth, 
$1. 

SCREW PROPULSION. Notes on Screw Propulsion, its Rise and 
■ History. By Capt. W. H. Walkes, U. S. Navy, i vol., 8vo. 
Cloth. 75 cents. 

POOR'S METHOD OF COMPARING THE LINES AND 
DRAUGHTING VESSELS PROPELLED BY SAIL OR 
STEAM, including a Chapter on Laying off on the Mould-Lofl 
Floor. By Samuel M. Pook, Naval Constructor, i vol., 8vo, with 
illustrations. Cloth. $5. 

HARWOOD'S LAW AND PRACTICE OF UNITED STATES 
NAVAL COURTS-MARTIAL. By A. A. Harwood, U. S. N. 
Adopted as a Teat-Book at the U, S. Naval Academy. 8vo. Law 
binding. $4. 

FLEET TACTICS UNDER STEAM. By Foxhall A. Parker 
Capuin U. S. Navy. i8mo. Cloth. Illustrated. %2.<;o. 
NAUTICAL ROUTINE AND STOWAGE. With Short Rales io 
Navigation. By John McLeod Murphy and Wm. N. Jeffees, 
Jr., U. S. N. I vol., 8vo. Blue cloth. $3.50. 
CTUART'S NAVAL DRY DOCKS OF THE UNITED STATES. 
" By Gen'I C. B. Stuart. Illustrated with twenty-four fine engravings 
on steel. 4th edition, 4*0. Cloth. $6. 

TREATISE ON THE MARINE BOILERS OF THE UNITED 
STATES. By H. H. Bartol. Illustrated. 8vo. Cloth. $1.50. 
DEAD RECKONING; Or, Day's Work. Bv Edward Barrett, 
U. S. Navy. 8vo. Flexible cloth. $i.i5-' 
SUBMARINE WARFARE, DEFENSIVE AND OFFENSIVE. Com- 
prising a lull and complete History of the invention of the Torpedo, 
its employment in War, and results of its use. Descriptions of the 
various forms of Torpedoes, Submarine Batteries and Torpedo Boata 
actually used in Wat. Methods of ignition by Machinery, Contact 
Fuzes, and Electricity, and a full account of experiments made to 
deti^rmine the Esp'osive Force of Gunpowder 'inder Water. Also a 
discussion of the offensive Torpedo system, its effect upon Iron-Clad 
Ship sj-stems, and influence upon Future Naval Wars. By Liout.- 
Commandcr John S. Bar.-jes, U. S. N. With illustrations, i vol., 
8vo. Clo. $5.00. 
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1 'KANCIS' (J. B.) Hydraulic Experiments. Lowell Hydraulic Ex~ 
* peiimenis — being a Selection from Experiments on Hydraulic 
Motors, on the Flow of Water over Weirs, and in Open Canals of 
Uniform Rectangular Section, made at Loweli, Mass. By J. R 
Frakcis, Civil Engineer. Second edition, revised and enlarged, io- 
eluding many New Experiments on Gauging Water in Open Canals, 
and on the Flow through Submerged Orifices and Diverging Tubes. 
With Z3 copperplates, beautifully engraved, and about loo new 
pages of text, i vol., 4to. Cloth. ti$. 

Most ot the practical ruks gtven In the Iwoke on bjdraalics have been determinod ttosa ex 
pdimeBtii nuae la other cuunUiea. with Inijiifflclent apparatus, anil on euch a mmnlc scale, that 
lo appljnng them to tho large opotailona arising tn ptaullce in this country, the engineer cannot 
bal doubt thair reliable appllcKhllitr. The partiea controlling the great waler-ixiwcr ramiataed 
hy the MerrNnack Kivar at Lowell, MaMscbusetti!, tell this eo k«euly, that thuy have deenied it 
neceeaary, al gre^t expense, to determine anew aome of the moat important rules Tor gaaglng 
the flow of hirge atreania of water, and for this purpose have caused to l>e nwde, with sreatcare. 
aeveral aerleis of e^perimenta on a large ecale, a aelectiou Irom which are minntuJy detailed in 

The woit ia divided into two parta— Past I., on hydtsnDc motora, includet nluely-two eiper. 
mrats on an Improved FOBmeyron Turbine Watet-Wheel, of about two hundred horse-power, 
trlth rales and tablis Djr the conalmcUon of elmllar molora :— Thirteen experiments on a model 
Of a centre-vent waler-wheel of tlie most aimple design, aodthirty-mueexpcrlmentsoaaceutni 
TBDt waUr-whoel of abonl two hnndrcd and thirty horae-power. 

PabT \I. Include* ecveiily-fcior experlnieiitB made for the purpose of detcnnlnin^ tho form ol 
Hieftmnula for compntiii(t the Bow of wat« over weirs ; nlneeipoduieuU no the etlectofbaclc 
water on (be now uier weirs; eighty-eight experiments made for the purpose of delorminin£ 
the formu^ bir cuinputlu^ the flow over weim of regular or alandird furou. wtih sevend tables 
of compai lemiB or ilie new roruinlawftb the results obtained by lormeresperimeuiurs; Bve ei- 
pennteni* on tlie How aver a dam In wklch the Greet was oC the same Ibrm as thai hnilt by Iba 
Sttox Con-pany acroaa the Merrimack Itiver at Lawtence, Wassachuseiu; tweniy-ono eiperl- 
meuta on Uu ^ecl of otM-Brvln;; the depth! of water on a weir at different distances fram tba 
well ; an CLtcrslve aerlca of Eiperiuieiita made for the purpose of dcterminluj; rules tlii gaug- 
ing alTeams of water in open canals, with trMoa ibr facilitating the etuae; and one huudrcdaud 
one experiments on ilie dlsehajge of water l^rougli eubmerged orifices anil diveijjlng tubes, tha 
Wliole being .Hilly illustrated by Iwenty-Iluec doable pUites enj^ved on copgier. 

In ISU the pro|Hiatora of the Locks and Canals on Uerrimack 1(1 ver, at wliose expense moat 
M IhB oipcrijiMtB were made, being witling ttwc the public sliiiuld share tlie btnefita of tb* 
tcdontlttc uitCiU^tms iiromoled hy them, emuwutad to Uie publlcutioia of the dnt edition of thii 
work, which loutaliied a selection of (be moat important hydraulic eipcrioieuts made at Lowell 

inenl to ISU, Lave Iweu added, iucluding the imporlant serlea ahoie mentioned, (or delemiiu- 
ing rules for the gaujjiug the How of water In open canals, and the Intereatlng series on iho BoK 
Uirough a >ubni.-£ed Veuturi's tube, tu whicli a larger flow waa obtained than any we flud re- 
■ordvd. 

FRANCIS (J. B.) On the Strength of Cast-iron Pillars, with Tables 
for the use of Engineers, Architects, and Builders. By James IL 
Fkancis, I, ivil Engineer, i vol., 8vo. Cloth. $3. 
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HOLLEY'S RAILWAY PRACTICE. American and Earopean 
Railway Practice, in the Economical Generation of Steam, in- 
cluding the materials and construciion of Coal-burning Boilers, 
Combustion, the Variable Blast, Vaporization, Circulation, Super- 
heaiinR, Supplying and Heating Feed-water, &c., and the adaptation 
of Wood and Coke-burning Engines to Coal-burning; and in Pur- 
manent Way, including Road-bed, Sleepers, Rails, Joint Fastenings, 
Street Railways, Ac, &c. By Alexander L. IIolley, B. P. With 
77 lithographed plates, i vol., folio. Cloth. $12. 

"ThialB (Ui elaborate tre«tiae by one of onr ablest clvU engireora, od the coDilrnclIon »na oat 
Of loH>moU»el. with n ftw chaptera on the baildlng of KalL'oads. ■ • • All Ibese subjecU 
■re treated by Che autltor, vbo 1> a fint'ClaBB railroad en^eer, in both an Intelligent aod IntelU. 
llble manner. The l^M and Ideas are well srnuigcd, and pceBeoted Id a oleat and limple style, 
accompanied by beautiful engrarlnga, and we presome the work will be rcgsrdcd ae ludlspena- 
*b]e by all who arc Interested In a knowledge or the couatcucUoQ of ralliuadi and rolling slock, 
or the walking of locoiootlvea."— &li!nf^ Americim. 

ENRICI (OLAUS). Skeleton Structures, especially in their Appli- 
o the Building of Steel and Iron Bridges. By Olau3 
Henrici. With folding plates and diagrams, i vol., 8vo. Cloth. 
»3- 

HILDEN (J. K.) On the Strength of Materials used in En 
gineering Construction. By J. K. Whilden. i vol., I2ma 
Cloth. %i. 

"We and In thla work table* of the l«iu1ls streoiith of til 
hempen cable, strength of thin cylinders of caat-trDn ; moduli 
cyllnden, se cannon, Ac, eOliCtB of reheating. Ac., teslxtance of timber, meCali, and stone to 
crushing J experiments on brick-work; strengtb of pillars; collapse of tnbe; eipeiimeDts an 

itrengUl of alloys ; oipurlmenta 00 wrought and oaBt-iron beams : lattice girders, trussed cast.. 
Iron girders; dchectJonof beams; torsional strength and toi'sionol elasticity." — American AjF' 

C AMPIN (F.) On the Construction of Iron Roofs. A Theoretical 
and Practical Treatise. By Francis Campin. With wood-cuts and 
plates of Roofs lately executed. Large 8vo. Cloth. $3. 

BROOKLYN WATER-WORKS AND SEWERS. Containing a 
Descriptive Account of the Construction of the Works, and also 
Reports on the Brooklyn, Hartford, Belleville, and "lambridge 
Pumping Engines. Prepared and printed by order of .re Board of 
Water Commissioners. With illustrations. i vol,, folio. Cloth. 
$■5- 

ROEBLING (J. A.) Long and Short Span Railway Bridges. Bj 
JOHN A. RoEBUNG, C. E. Illustrated with large copperplate en- 
gravings of plans and views. Imperial folio, cloth, $25. 

CLARKE {T. C.) Description of the Iron Railw.iy Bridge across 
the Mississippi River at Quincy, Illinois, By Thomas Curtis 
Clarke, Chief Engineer. Illustrated with numerous lithographed 
plans. I vol., 4to. Ciotb. $7.50. 



dbyGoogle 



SclentijiG Boohs. 2S 

WILLIAMSON (R. S.) On the Use of the Baroniiter on Surveja 
and Recoiinaissancei. Part I. Meteorology in its Connection 
with Hypsometry. Part II, Barometric HypsomerTy. By R. S. 
WiLUA»iSON, Bvt, LieuLrCol. U. S. A-, Majo'r Corps of Engineers. 
With Illustrative Tables and Engravings. Paper No, 1 5, Professional 
Papers, Corps of Engineers. 1 vol., 4to. Clotli. $15, 

" Sah Fruiguco, Cu,., ffeb. 31, ISCT. 
** Gen. A. A. HvurnHiTB, Chief of EDglneeni. U. S. Anoj : 

"aEKBHAI/^I hare Ihe honar to aatacdt M 70a, tn the following pagei. the resnlti oS mj\^ 
TsBtlmtlane in moteorolugy and brpiometry, made wlili the view of aeeert^nlng bow &r tha 
feuometer can be aKed ta > leUable iMliument for determining aititudea on eiteuded llnee at 
wrvey and reconnilsBBDceB. Theise toTeetlRBtloiu have occupied the lelBnre permitted me IVoia 
Wj pnrfemlonsl dnClee daring Iho IsbI ten yeare, and I hope the reBoIts wtTI be deemed of snffl- 
•Knt ndne to have ■ t^ace asHigoed them smone (he printed proreaiionul papcn of the United 
BtUM aitps of EDgineera, Very reapectOUly, joni obedient lervani, 

" R. S. WHLIAMSON, 
"Bvt.Lt.-Col. P. S. A., M^orCorpnof U. 9. Bngtneera." 

TUNNER (P.) A Treatise on Roll-Turning for the Manufacture of 
Iron. By Peter Tunner, Translated and adapted. By Johk B. 
Pearse, of the Pennsylvania Steel Works. With numerous engrail 
ings and wood-cuts, i vol., 8vo., with i vol. folio of plates. Cloth, ^lo 

SHAFFNER (T. P.) Telegraph Manual. A Complete History and 
Description of the Semaphoric, Electric, and Magnetic Telegraphs 
of Europe, Asia, and Africa, with 625 illustrations. By Tal. P. 
Skaffner, of Kentucky. New edition, i vol., 8vo. Cloth. 850pp. 
$6. 50. 

MINIFIE (WM,) Mechanical Drawing. A Text- Book of Geomet- 
rical Drawing for the use of Mechanics and Schools, in which 
the Definitions and Rules of Geometry are familiarly explained ; the 
Practical Problems are arranged, from the most simple to the more 
complex, and in their description technicalities are avoided as much 
as possible. With illustrations for Drawing Plans, Sections, and 
Elevations of Buildings and Machinery; an Introduction to Isomet- 
rical Drawing, and an Essay on Linear Perspective and Shadows. 
Illustrated with over zoo diagrams engraved on sioel. By \Vm, 
MuTiFiK, Architect Seventh edition. With an* Appendix on the 
Theory and Application of Colors, i vol., 8vo. Cloih. $4, 

' 11 1« the beat work on Dntwing that we have erer seen, ud la eapeclaily a teit-booK of Geo- 
HetrlcBl Di-awlng for the nse ot Mecliaalu and Schools. No yonng Mcchunic, such as a Ua- 
t. Eiiglaeer, CabiDet-Malter, Millwright, or Carpenter ilionld be wiEbont \u"—BcleaUJU 



"One of the moat comprehenBlve worlts of the kind ever publlahed, and.caoDoi but poBtwaa 
fteit valne to boilderB. The style is at once elegant and substantial,"— ftnnijiJronla Impiirtr. 

" Wliatever li Mid Is rendered perfectly intelligible by reuisrtably well-eiecnied diagTwne oa 
■(«el, leaving notbing for mere vague snppoBltion : an^ the addition of an introdnction to ii» 
ustilcal druwhig. linear perspective, and the projection of BhadowB, winding up with t, naaftil 
tadex to technical tetma."— (JftwaWB JfoAonie*' Jmrnal. 

ISr The Brideh ''..vernment hu auitaoriied the uie of this book in tbelr achoola of art at 
Bomerset Houae, Lundon, and Ihroughonl the klUBdom, 

MINIFIE (WM.) Geometrical Drawing. Abridged from the octavo 
edition, for the use of Schools. Illustrated with 48 steel plates. 
New edition, enlarged, i vol., izmo, cloth. $2. 

"It la well anapiod as a teit-book of drawing to be wfA In onr High ScbiJOlfl and Acidemlei 
wfcnelijnselVl branch of the line arta husbev b.ttieito toomnchnualecled."— Jl^/on Joiima, 
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PEIRCE'S SYSTEM OF ANALYTIC MECHANICS. Phyalciil 
and Celestial Mechanics, by Benjamin Peirce, Pcikins Professoi 
of Asironomy and Mathematics in Harvard University, and Con- 
sulting Astronomer of the American Ephemeris and Nautical Al- 
manac. Developed in four systems of Analytic Mechanics, Celestial 
Mechanics, Potential Physics, and Analytic Morphology, i vol., 
4to. Cloth. |io. 

GILLMORE. Practical Treatise on Limes, Hydraulic Cements, and 
Mortars. Papers on Practical Engineering, U. S. Engineer De- 
partment, No. 9, containing Reports of numerous experiments con- 
ducted in New York City, during the years 1858 to 1861, inclusive. 
By Q. A. GiLLMORE, Brig. -General U, S. Volunteers, and Major U. 
S. Corps of Engineers. With numerous illustrations. One volume, 
octavo. Cloth. #4. 

ROGERS (H. D.) Geology of Pennsylvania. A complete Scien- 
tific Treatise on the Coal Formations. By Henry D. Rogers, 
Geologist. 3 vols., 4to., plates and maps. Boards. $30.00. 

BURGH (N. P.) Modem Marine Engineering, applied to Paddle , 
and Screw Propulsion. Consisting of 36 colored plates, 259 
Practical Woodcut Illustrations, and 403 pages of Descriptive Matter, 
the whole being an exposition of the present practice of the follow- 
ing firms : Messrs, J, Penn & Sons ; Messrs. Maudslay, Sons, & 
Field ; Messrs. James Watt & Co. ; Messrs. J. & G. Rennie ; Messrs. 
R. Napier & Sons ; Messrs. J. & W, Dudgeon ; Messrs. Ravenhill 
& Hodgson; Messrs. Humplireys & Tenant; Mr. J. T. Spencer, 
and Messrs. Forrester & Co. By N. P. Bitrgh, Engineer. In one 
thick vol., 4to. Cloth. $2;. 00. Half morocco. $30.00. 

KING. Lessons and Practical Notes on Steam, the Stcam-Engine, 
Propellers, &c., &c., for Young Marine Engineers, ■ Students, 
and others. By the late W. R. King, U. S. N. Revised by Chief- 
Engineer J. W. King, U. S. Navy. Twelfth edition, enlarged. 8vo. 
Cloth. $2. 

WARD. Steam for the Million. A Popular Treatise on Steam and 
its Application to the Useful Arts, especially to Navigation. By 
J. H. Ward, Commander U. S. Navy. New and revised edition. 
1 vol., 8vo. Cloth. |i. 

WALKER. Screw Propulsion. Notes on Screw Propulsion, its 
Rise and History. By CapL W. H. Walker, U. S. Navy. 1 
vol., 8vo. Cloth. 75 cents. 

THE STEAM-ENGINE INDICATOR, and the Improved ManOr 
meter Steam and Vacuum Gauges : Their Utility and Application. 
By Paul Stiluban. New edition, i vol., i2mo. Flexihle cloth. 
%i. 

I SHERWOOD. Engineering Precedents fur Steam Machinery. Ar- 
ranged in the most practical and useful manner for Engineers. By 
B. F. IsHERwcjOD, Civil Engineer U, S. Navy. With illusliation* 
Two volumes in one. 8vo. Cloth. I2.50, 
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POOR'S METHOD OF COMPARING THE LINES AND 
DRAUGHTING VESSELS PROPELLED BY SAIL OR 
STEAM, including a Chapter on Laying off on ihc Mould-Loft 
Floor. By Samuel 1L Pook, Navat Constructor, i vol., 8vo. 
Wiih illustraUons. Cloth. %$. 

SWEET (S. H.) Special Report on Coal ; showing its Distribution, 
Classification and Cost delivered over different routes to varioni 
points in the State of New York, and the principal cities on the 
Atlantic Coast, By S. H, Sweet. With maps, i vol., 8vo. Cloth. 

ALEXANDER (J. H.) Universal Dictionary of Weights and Meas- 
ures, Ancient and Modern, reduced to the standards of the United 
States of America. By J. H. Alexander, New edition. I vol., 
8vo. Cloth. $3.50, 

" As a BUndard work of refbr«ic« thla book ehooM 1m It 



CRAIG (B. F. ) Weights and Measures. An Account of the Deci- 
mal System, with Tables of Conversion for Commercial and Scien- 
tific Uses. By B. F. Craio, M. D. i vol., square 3zmo. Limp 
cloth. 50 cents. 

" Tbe most lacld. BCcnrate. and ueeru! of all the hand-books on tM9 inbjeot that we haie jtt. 

of lunj^h, area, capacity, weight, and the centigrade and Fahrtrnhcit thcnnometora, with clear 
InetructlonB how to use them ; and ta this practice] portion, whtcb helps to make the treasltloa 
OS euy as poeaible, is preSied a seientiac explanatioo ot the errora in the metric ■yeiem, and 
Liow they may be corrected In the laboratoiy.^^ — Nation. 

BAUERMAN, Treatise on, the Metallur^ of Iron, containing 
outlines of the History of Iron manufacture, methods of Assay, 
and analysis of Iron Ores, processes of manufacture of iron and 
Steel, etc., etc. By H. Bauerman. First American edition. Re- 
vised and enlarged, with an appendix on the Martin Process for 
making Steel, from the report of Abram S. Hewitt. Illustrated 
with numerous wood engravings. i2mo. Cloth. $2.50. 

"ThlalBanlmportantadditiontothestocfcof technical works pnblished in thii- •:onnlrj. II 
embodiea the latest Itels, dlecoveriea, and processes cimnected with the manuactore of boa 
■nd steel, and Bhould be la the hands ot every peraon interested in the subject, aa well as In all 
techalcol and scientlSc \i.\aaAei."—Sfi*nliJlt! Americaa. 

HARRISON. Mechanic's Tool Book, with practical rules and sug- 
gestions, for the use of Machinists, Iron Workers, and others. 
By W, B. Harrison, associate editor of the "American Artisan," 
Illustrated with 44 engravings. i2mo. Cloth. $2. 50. 

"Thiiwork lispeclallyadaptBd to meet the wants of MachlnlaU and workers In Iron gener. 
illy. It 1e made ap of the workday experience at an intelligent and Ingentoiia mechanic, wlw 
bad Ibe racult)' of adapting tools to various purposes. The practicability of hie pluns ard an^ 
geetlons ato made apparent even to the nopractlaed eye by a seriea of w 
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ft2 D Van 2^ostrand'^ PtilUcalions. 

SUBMARINE -BLASTING in Boston Harbor, Massachusetts— 
Removal of Tower and Corwin Rocks. By John G. Foster, 
U. S, A. Illustrated with 7 plates. 4to. Cloth. $3.';o. 

KIRKWOOD. Report on the Filtration of River Waters, for -ths 
supply of Cities, as practised in Europe, made to the Board of 
Water Commissioners of the City of St. Louis. By James P. Kiek- 
wooD. Illustrated by 30 double-plate engravings. 4to. Cloth. 

ECTURE NOTES ON PHYSICS. By Aliheed M. Mayer, 
Ph. D., Professor of Physics in the Lehigh University, i vol. 
hvo. Cloth. $2. 

THE PLANE TABLE, and its Uses in Topographical Surveying. 
From the Papers of the U. S. Coast Survey. Svo. Cloth. $2. 

DIEDRICHS. Theory of Strains; a Compendium for the Calcula- 
tion and Construction of Bridges, Koofs, and Cranes, with the 
Application of Trigonometrical Noies. By John Biedrichs, Illus- 
trated by numerous Plates and Diagrams. 8vo, clolh. $5 ,00. 

WILLIAMSON. Practical Tables in Meteorology and Hypsometty, 
in connection with (he use of the Barometer. By Col, R. S. 
Williamson, U. S. A. i vol. 4to, flexible cloib. ^i. 50. 

CULLEY. A Hand-Book of Practical Telegraphy. By R. S. CuLLzr. 
Engineer to the Electric and International Telegraph Company, 
Fourth edition, revised and enlarged. 8vo. Illustrated. Cloth. I5. 

n ANDALL'S QUARTZ OPERATOR'S HAND-BOOK. By P. M. 

*^ Randall. New edition, revised and enlarged. Fully illustrated. 

izmo. Cloth. S2.00. 
/"^OUGE. New System of Ventilation, which has been thoroughly 
^^ tested under the patronage of many distinguished pereons. By 
Henry A, Goitge, Third edition, enlarged. With many illustrations. 
Svo. Cloth. $2. 

PLATTNER'3 BLOW-PIPE ANALYSIS. A Complete Guide to 
Qualitative and Quantitative Examinations with the Blow-Pipe. 
Revised and enlarged by Prof. Richter, Freibei^. Translated from iho 
latest German edition by Henrv B. Cornwall, A. M,. E. M. Svo, 
f^RtJNER. TheManuftiaureofSteel. By M. L. Griiner. Translated 
^^ from the French by Lenox 6mith, A.M., E.M. With an Appendix 
on the Bessemer Process in the United States, by the Translator. Illus- 
trated. Svo. In press. 
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